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PART E 
 
Rhenium-Osmium isotopic analysis of mineralization at the George Fisher 
deposit, Northwest Queensland, Australia: Implications for the absolute 
age of mineralization and the source of metals. 
 
Abstract 
Analysis of the Re-Os isotopic signature of Pb and Zn sulfides and barren siltstones at the 
George Fisher Zn-Pb-Ag deposit indicates distinct Re/Os, 187Re/188Os, 187Os/188Os, and 
Os isotopic ratios for sulfides compared to the barren host-rock.  Sphalerite and Galena 
samples are isochronous, indicating a common source for the two metals at George 
Fisher.  Barren siltstones are also broadly isochronous suggesting that the mineralizing 
fluids have affected the original Re-Os signature of the host-rocks.  Eleven mineralized 
samples define an isochron and an age of 1423±130Ma has been calculated.  This 
estimate for the age of mineralization is within error of the D2 (1540Ma) and D4 
(1510Ma) deformation events of the Isan Orogeny but is significantly younger than the 
age of formation of host-rocks at George Fisher (1655Ma).  An interpreted period of post-
orogenic cooling (1392±85Ma/1482±52Ma) also correlates with the estimated age of 
mineralization that might alternatively record closure of the Re-Os system.  A mantle 
source for the Pb and Zn is implied by the initial 187Os/188Os ratio of 0.077±0.071.   This 
differs from previous models whereby metals have been leached from within the 
sedimentary basin.  Proximity to regional faults which tap crustal scale shear-zones may 
therefore be more significant to exploration for Proterozoic stratiform base metal deposits 
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in the Mt Isa Inlier than the type or proportion of basin fill, although host-rock controls on 
mineralization exist.  The Re-Os isotopic method has not distinguished between 
individual deformation events which may have been integral to ore formation but one 
interpretation of the obtained age suggests that mineralization postdates host-rock 
formation by >100My. 
 
1.  Introduction 
Rhenium (187Re) and Osmium (188Os) are transition metals which occur within Groups 
VII (manganese family) and VIII (platinum family) of the periodic table, respectively.  
Both metals are siderophile and were preferentially concentrated into the Earth’s Fe-
metal-rich core during early differentiation and subsequently, the silicate mantle and crust 
are depleted in these elements compared to meteorites (Allegre and Luck, 1980).  Morgan 
and Lovering (1967) showed that there are contrasting abundances of Re and Os in 
igneous rocks representative of the mantle and upper crust.  Re and Os abundances for 
different rock types include: 
   
Rock Type Re (ppb) Os (ppb) Reference 
Terrigenous sediments 0.43 46 Esser and Turekian (1993) 
Quartz sandstone 0.03 0.06 Lovering and Morgan (1964) 
Shale 0.05 0.45 Lovering and Morgan (1964) 
Granite 0.56 0.06 Morgan and Lovering (1967) 
Peridotite 0.05 5.9 Morgan and Lovering (1967) 
Iron meteorite 1,470 19,000 Luck and Allegre (1983) 
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In a study by Hauri and Hart (1993), Re concentration in the crust was estimated at 10-
100 times higher and Os concentration 10-10,000 times lower than that of mantle 
peridotites.  Fractionation of platinum-group metals occurs in magma due to alteration, 
partial melting, and crystal fractionation (Barnes et al., 1985).   The low solubility of Os 
in silicate magma (Barnes et al., 1985) means that Os is retained in the mantle, whereas 
Re is mildly incompatible during mantle melting and is enriched relative to Os, in the 
crust (Morgan et al., 1981; Shirey, 1991; Esser and Turekian, 1993).   
 
Beta decay (loss of an electron but no change in atomic mass) of 187Re to 187Os occurs at  
a decay rate of 1.666 x 10-11 yr-1 (Smoliar et al., 1996) and the half-life of 187Re is 42.3 
billion years (Walker and Morgan, 1989).  All 187Os is radiogenic and given that the 
decay rate is known, the abundance of this isotope can therefore be used to derive the 
absolute age of the host minerals.  Enrichment of 187Os in the crust and 188Os in the 
mantle means that the 187Os/188Os (initial) ratio can be interpreted as reflecting a 
dominant mantle source of platinum group elements if low (~0.1) and dominant crustal 
source of platinum group elements if high (~1-2).  Note the high Os abundance reported 
for both terrigenous sediments and iron meteorites above.  187Os is enriched in the crustal 
sample whereas 188Os is significantly enriched in the meteorite sample (187Os/188Os = 
0.1215; Luck and Allegre, 1983). Large fractionation of Re and Os in the crust does not 
cause a measurable change in the Re/Os ratio of the mantle with time due to the 
significant abundance of Re and Os in the mantle relative to the crust (Allegre and Luck, 
1980).   
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A parameterused in this study, Os, indicates the percentage difference between the 
analyzed sample and the mantle at any specific time.  The parameter has a high, positive 
value (~3000-5000) where the Osmium in the sample is radiogenic indicating a crustal 
source and low to negative where unradiogenic and related to a mantle fluid source (pers. 
comm., R. Keays, 2003).  The Os parameter is analogous to the Nd parameter in the 
samarium-neodymium isotopic system. 
 
As Re and Os are both siderophile and chalcophile they are preferentially concentrated 
into sulphides relative to silicate minerals (Shirey, 1991).  The possibility therefore exists 
to date sulphide ores directly and compare both the absolute age and source of Os 
between ores and their silicate hosts.  This is potentially useful where there is ambiguity 
concerning the timing of mineralization relative to the formation and deformation of the 
host-rocks as is the case with studies of sediment-hosted Zn-Pb-Ag deposits of the Mt Isa 
Inlier (compare Russell et al., 1981; Chapman, 1999, 2004; Perkins, 1997; Davis, 2004) 
 
The Re-Os decay system has been used to analyze a range of deposit and commodity 
types including but not limited to: 
• Molybdenum deposits (Stein et al., 1997) 
• Porphyry copper-molybdenum deposits (McCandless and Ruiz, 1993; Freydier 
et al., 1997; Stein and Bingen, 2002). 
• Orogenic gold (Arne et al., 2001) 
• Epithermal silver (Levresse et al., 2002) 
• Nickel sulfides associated with komatiites (Foster et al., 1996; Lesher et al., 
2001) and the Sudbury igneous complex (Lightfoot et al., 2001) 
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• Pb-Zn sulfides from massive deposits of the Iberian Pyrite belt (Mathur et al., 
1999), a Kuroko style deposit (Terakado, 2001), and volcanogenic massive 
sulfide (Hou et al., 2003). 
 
The aim of this study is to determine the Re-Os isotopic characteristics of George Fisher 
Zn-Pb-Ag mineralization in order to constrain the absolute age and source of metals in the 
orebodies.  This information is pertinent to the regional exploration for further sediment-
hosted Zn-Pb-Ag deposits in the Western Fold Belt as structures of specific ages may be 
more prospective than others and proximity to potential source rocks my also increase 
prospectivity.  The mineralization styles selected for analysis are the vein-hosted 
sphalerite and the medium-grained galena±sphalerite breccia; the main sources for Zn and 
Pb, respectively, at the George Fisher deposit. 
 
2.  Methodology 
Representative samples of both vein-hosted sphalerite and galena±sphalerite breccia were 
selected for analysis as both mineral separates and whole-rock material.  The samples are 
hand-specimens from the George Fisher workings or pieces of diamond-core.  The 
following is a summary of the samples analyzed in this study. 
 
Sample type Number 
Galena separate 2 
Sphalerite separate 3 
Galena-dominant whole-rock 3 
Sphalerite-dominant whole-rock 5 
Barren host siltstones 3 
Total 16 
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Galena-dominant samples chosen for analysis include very fine-grained, medium-grained, 
and coarse-grained breccias (Figure1a-c, as described in Part D).  Medium-grained 
breccia, the main ore of Pb at George Fisher, is the dominant galena-rich sample 
analyzed.  Sphalerite dominant samples analyzed are bedding parallel 
sphalerite±pyrite±pyrrhotite bands (Figure 1d-f) described as vein-hosted sphalerite in 
Part D.  Barren siltstone samples (Figure 1g and h) were obtained from stratigraphy 
approximately 200m into the footwall of the main body of mineralization at George 
Fisher.  Dark and light beds reflecting variation in carbonaceous matter in a siltstone 
sample (Figure 1h) were analyzed individually. 
 
Siltstone bands, barren clasts, and gangue sulfides (e.g. massive pyrite bands) were cut 
from whole-rock specimens of the mineralization.  Mineral separates were obtained from 
the same samples as the whole-rock specimens.      
 
The following is an abbreviated description of the process employed at the Rhenium-
Osmium Laboratory at Monash University (Melbourne, Australia).  Samples were 
crushed and milled using a ceramic jaw crusher and agate mill until a 200µm particle-size 
was achieved.  Rhenium pre-determination of the samples was undertaken so as to 
optimize the Rhenium and Osmium spike used in the analysis.  Mineral separation of 
sphalerite and galena from the gangue assemblage was accomplished using a Frantz 
separator as well as heavy mineral separation using tetrabromoethane.  The sample, 185Re  
and 190Os spikes are digested in HCl in a carius tube and frozen to prevent reaction and 
volatilisation.  The mixture is kept frozen while the open end of the carius tube is sealed 
using an oxy-LPG torch.  Digestion of the sample occurs over 2 days heated at 200°C.  
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Figure 1.  Selected samples analysed
in this study.  (a), (b), (c) Fine-, 
medium-, and coarse grained galena- 
dominant breccia.  (d), (e), (f) Bedding-
parallel sphalerite mineralization
described as vein-hosted sphalerite in 
Part D.  Medium-grained galena
breccia cross-cuts bedding and sphalerite mineralization in the bottom left hand corner of (d).
The sample illustrated in (e) is devoid of galena mineralization whereas medium-grained 
galena breccia occurs in apparent boudin necks formed by bedding-parallel extension in (f). 
(g) barren pyritic siltstone (only siltstone portion analysed) and (h) siltstone where lighter, ‘L’
and darker, ‘D’, layers were analysed individually (results in Table 1).
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The homogenized sample is retrieved from the carius tube and divided in two subsequent 
to solvent extraction using CCl4.  The sample for Os analysis is dried and HBr is added 
during microdistillization.   Os remains after evaporation of the HBr solution.  The 
sample for Re analysis is digested in HNO3 acid and Re is recovered through primary and 
secondary resin columns.  Re and Os samples are electroplated onto platinum filaments 
for analysis on the 7-collector Finnigan MAT 262 Negative Thermal Ionisation Mass 
Spectrometer (NTIMS) at La Trobe University (Melbourne, Australia).  The filament is 
inserted into the ion source of the mass spectrometer. A current is passed through the 
filament, which causes the Osmium isotopes in the sample to ionize. The ions are 
accelerated through a magnetic field, resulting in separation of the ions by mass.  
Detection limits for Osmium using the NTIMS process can be less than 10-14g (Creaser et 
al., 1991).  For all age calculations, a 187Re decay constant of 1.666x10-11yr-1 was used 
(Smolar et al., 1996). 
 
3.  Results 
Sphalerite and Galena from the George Fisher deposit contain an average of 0.77ppb Re 
and 0.13ppb Os and the barren siltstones contain 1.27ppb Re and 0.04ppb Os (Table 1).  
Barren siltstone and Pb-Zn sulfides can be distinguished isotopically according to Re/Os, 
187Re/188Os, and 187Os/188Os ratios and the Os parameter which is the percentage 
difference between the sample and the mantle at any specific time.  The siltstone is higher 
in each case (Table 1).  The higher Re content of siltstone is consistent with the high 
187Os/188Os ratios (187Os resulting from the beta decay of 187Re). Radiogenic Osmium 
(187Os) is dominant in the siltstone as expected in terrigenous rocks.  The sulfides have a 
lower 187Os/188Os ratio which indicates that the Re in the sulfides has not undergone 
Analysis N o Sample N o Type Re/Os Com. Os 187 Re/ 188 Os 2  187 Os/ 188 Os 2  Os T Ma (Ma) 
2208/74 Gn 1712-3 Galena separate 0.2440 0.2413 1.01 0.2384 4.9357 0.0740 0.2176 0.0006 71 1,186
2208/140 WR 0103-1 Sphalerite whole rock 0.4387 0.1881 2.33 0.1822 11.5985 0.1740 0.3719 0.0015 193 1,298
2208/142 WR 960533 Sphalerite whole rock 0.6839 0.1981 3.45 0.1888 17.4422 0.2616 0.4996 0.0054 293 1,298
2208/73 Sp 3101-1 Sphalerite separate 0.2676 0.0835 3.21 16.1835 0.2428 0.4609 0.0012 263 1,256
2208/71 WR 1115-5 Galena whole rock 0.8650 0.2095 4.13 0.1985 20.9822 0.3147 0.5424 0.0028 327 1,199
2208/70 WR 0803-3 Galena whole rock 1.1790 0.1247 9.46 52.7198 0.7908 1.3230 0.0087 941 1,357
2208/70 Sp 0803-3 Sphalerite separate 0.7900 0.1102 7.17 38.6297 0.5794 0.9931 0.0019 681 1,345
2208/70 Gn 0803-3 Galena separate 0.4910 0.0735 6.68 35.6954 0.5354 0.9323 0.0037 634 1,354
2208/72 WR 960335 Sphalerite whole rock 0.9360 0.1197 7.82 42.6659 0.6400 1.1364 0.0044 794 1,417
2208/72 Sp 960335 Sphalerite separate 0.4260 0.0674 6.32 33.1512 0.4973 0.7738 0.0021 509 1,174
2208/138 WR 960839 Sphalerite whole rock 1.5334 0.2073 7.40 0.1831 40.3161 0.6047 1.1218 0.0068 783 1,478
2208/76 WR 0611-4 Sphalerite whole rock 1.7041 0.0447 38.14 0.0290 287.1761 4.3076 4.2740 0.0167 3263 862
2208/137 WR 2610-5 Sphalerite whole rock 0.4821 0.0170 28.40 0.0114 202.3647 3.0355 3.7778 0.0277 2,872 1,075
2208/77 dark 2710-4 Barren siltstone whole rock 0.2415 0.0168 14.41 0.0128 91.7698 1.3765 2.4902 0.0082 1859 1,533
2208/77 light 2710-4 Barren siltstone whole rock 0.3520 0.0132 26.73 0.0094 181.5163 2.7227 3.1414 0.0106 2372 991
2208/79 WR 2710-10 Barren siltstone whole rock 3.2131 0.0893 35.96 0.0469 334.3507 5.0153 7.0858 0.0308 5475 1,238
Table 1.  Data from analyses of mineralized samples (both sphalerite and galena dominant) and barren siltstone samples representative of the host rocks.  
Mineralized samples with grey fill have isotopic characteristics more consistent with the barren siltstone than the other sphalerite samples.  These samples
                                              are inferred to have incorporated some of the radiogenic osmium from the hostrocks during replacement.
Re (ppb) Os (ppb)
1.2689 0.0398
0.7724 0.1296
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significant beta decay to produce 187Os, and is therefore of younger age.   
 
Analyses are plotted on a graph of 187Re/188Os vs 187Os/188Os and an isochron is defined 
by a linear trend in the bulk of the data for sulfide samples (Figure 2a).  Two sulfide 
analyses (annotated on Figure 2a) do not lie on the isochron defined by eleven sphalerite 
and galena samples.  These samples are below the isochron and therefore represent 
samples whose Re/Os isotopic systematics have not behaved in a closed fashion since 
crystallization of the other samples.  The anomalous sphalerite samples (2208/76 and 
2208/137) have high Re/Os, 187Re/188Os, and 187Os/188Os ratios which are more consistent 
with the siltstone rather than the Pb-Zn sulfide analyses, suggesting mixing of the two 
isotopic populations in these samples.  The vein-hosted sphalerite (Part D) from which 
these samples were obtained is partly replacive mineralization and it is possible that the 
high Re and 187Os of the replaced layer has been preserved in the mineralization in these 
samples during assimilation.  However, other samples of this mineralization (Figure 2b) 
do not retain the isotopic signature of the host rock.   
 
Sulfide samples and barren host-rock samples are broadly isochronous (Figure 2a).  This 
suggests that the original Re-Os isotopic signature of the siltstones has been overprinted 
either by fluid associated with sulphide transport or some later thermal event.  Note that 
the siltstones still retain a higher abundance of Re and radiogenic Osmium (187Os) than 
the sulfide samples (Table 1).  The siltstone therefore had some Re and Os (including 
187Os) prior to introduction of the later fluid.  The host-rocks may never have defined an 
isochron due to heterogeneity of Re and Os.  The Re/Os signature of the host-rocks must 
include the isotopic character of the source rocks, matrix cements, and one or more 
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Figure 2. (a) Analyses of mineralized and barren  samples displaying near isochronous 
behaviour of the siltstone samples.  Analyses annotated 2208/137 and 2208/76 are 
bedding parallel sphalerite samples interpreted to have inherited the crustal signature
from the host siltstones during replacive mineralization.  The osmium is significantly
more radiogenic in these two samples than the bulk of mineralized samples (see Table 1)
(b)   Eleven analyses from sphalerite and galena rich samples define an isochron and an 
age of 1423±130Ma has been calculated.  
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hydrothermal events which have affected the host-rocks prior to Zn-Pb-Ag 
mineralization.  Therefore at least two populations of Re-Os isotopes are present in the 
barren siltstone samples and the analyses represent a combination of these populations.  
The analyses of the barren siltstone samples are therefore not representative of the 
original isotopic signature of the Urquhart Shale.   
 
Eleven sphalerite and galena analyses form an isochron (model 3 or ‘errorchron’) with a 
large mean square of weighted deviations (MSWD) of 65 (Figure 2b).  Sphalerite and 
galena mineralization is isochronous suggesting that the two sulfide species were 
deposited synchronously or within a timeframe not distinguishable using the Re-Os 
isotopic method (cf. mineralization paragenesis in Part D).  Age estimates from 
iscochrons with high MSWD can have a small error depending on precision of analyses. 
In a study of komatiites, Gangopadhyay and Walker (2003) determined an isochron with 
MSWD=112 and an age estimate with ±3% error.  An age estimate of 1423±130Ma has 
been derived from the gradient of the isochron from Figure 2a and using the decay 
constant of 1.666x10-11yr-1 (Smolar et al., 1996).  The isochron yields an initial 
187Os/188Os ratio of 0.077±0.071.  Initial Osmium ratios between 0.8 and 1.4 indicate a 
crustal source (Hannah et al., 2001; Peucker-Ehrenbrink and Jahn, 2001) whereas initial 
187Os/188Os ratios of ca. 0.12 indicate a mantle source (Walker et al., 1989; Schaefer et al., 
2000).  The initial 187Os/188Os ratio of carbonaceous chondrites, interpreted to be 
analogous to that of the mantle (Walker and Morgan, 1989; Walker et al., 1989) and iron 
meterorites (Luck and Allegre, 1983) is also in the order of 0.12.  The sulfides at George 
Fisher therefore have an initial 187Os/188Os ratio reflecting mantle-derived osmium. 
 
 Travis Murphy, 2004                                                                                       Part E                                              
                                                                                                                                                  
________________________________________________________________________ 
326
4.  Discussion 
4.1 Implications for the timing of mineralization at George Fisher 
Re-Os dating of sulfides has provided a host rock independent absolute age for 
mineralization of 1423±130Ma at the George Fisher Mine.  The large error associated 
with this age overlaps with age estimates for both the D2 (1544±12Ma from Rb-Sr whole-
rock analyses: Page and Bell, 1986; 1532±7Ma obtained from U-Pb SHRIMP analysis of 
zircons: Connors and Page, 1995) and D4 (1510±13Ma from Rb-Sr whole-rock analyses: 
Page and Bell, 1986) deformation episodes.  Relative timing of mineralization to 
deformation features is discussed in Part D and a conclusion of this work is that the 
majority of mineralization is located in sites which were dilatant during D4 deformation.  
The Re-Os age is not within error of the age of deposition of the host rocks (1655±4Ma 
obtained from U-Pb SHRIMP analysis of zircons: Page et al., 2000) or diagenesis.   
 
Rb-Sr dating of tuffs interbedded with the Urquhart Shale at Mt Isa has produced ages 
~200-250my younger than the Urquhart Shale (Farquharson and Richards, 1975; Page, 
1981).  Farquharson and Richards (1975) analysed tuffs from the mine sequence at Mt 
Isa.  Their suite of 8 whole-rock samples and 4 residues returned isochron ages of 
1392±85Ma and 1346±48Ma respectively, and a combined whole-rock/residue (8 
samples) isochron gave an age of 1341±21Ma.  This young age was interpreted as the 
closure of isotopic exchange during post-tectonic cooling (Farquharson and Richards, 
1975).  Further analysis of the Mt Isa tuffs by Page (1981) resulted in a Rb-Sr isochron 
age of 1482±52Ma from 33 analyses.  Having obtained 1480-1490Ma Rb-Sr biotite ages 
in basement volcanics 45km to the northeast (Page, 1978), 1482±52Ma was interpreted as 
the best estimate for the cessation of metamorphism (Page, 1981).  Similarly, K-Ar 
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analysis of biotites in the Sybella and Kalkadoon granites (which pre-dates the main 
phase of deformation: D2) returned ages between 1363 and 1457Ma (Richards et al., 
1963).   
 
Little is known of the closing temperature of the Re-Os isotopic system and the 
1423±130Ma age could represent the waning stages of metamorphism in the Leichardt 
River Fault Trough and not an indication of the age of the Zn-Pb-Ag mineralization 
event.  Note that the temperature of deformation attained at George Fisher is only in the 
order of 200-250°C (Chapman, 1999; Part A-this study). 
 
If the ‘errorchron’ age estimate is related to the closure of the Re-Os isotopic system at 
ca. 1450Ma and not the timing of mineralization, other indications of temporally distinct 
host-rock formation/diagenesis and mineralization can be inferred from the distinct 
isotopic signatures of the sulfides and barren siltstones.  The siltstones contain significant 
radiogenic osmium compared to the sulfides and the 187Os/188Os ratios are 4.2391 and 
0.7612 (excluding the two sphalerite samples where mixing is inferred, Table 1), 
respectively.  The siltstones therefore had a higher initial Re content (Re is partitioned 
into crust) to the sulfides and have evolved accordingly as represented by the contrasting 
Os (Table 1).  The sulfides, although relatively enriched in Os, are dominated by the 
non-radiogenic 188Os (Table 1).  Correlation of both Re/Os ratio and abundance of 187Os 
in PGE-enriched sulfide layers and host black shale in the Yukon Territory formed part of  
the argument for PGE-enrichment during sedimentation or early diagenesis (Horan et al., 
1994).  The sulfides and siltstones at George Fisher have distinct Re/Os ratios and 
contrasting 187Os abundances, suggesting that they have evolved from separate Re-Os 
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Figure 3.  Possible scenario for resetting of the Re/Os isotopic signature of host-rocks
at George Fisher during hydrothermal Zn-Pb-Ag mineralization.  The Re/Os character
of the host-rocks may have been heterogeneous prior to the disturbance as described in
the text.        
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sources to the mineralization.  The approximately isochronous behaviour of sulfide and 
siltstone analyses (Figure 2a) may reflect overprinting of the initial Re-Os isotopic 
signatures of the siltstone by fluids with different Re-Os characteristics that presumably 
contained the Zn and Pb (Figure 3).  Preservation of a diagenetic signature in carbon and 
oxygen isotopes from carbonate alteration products (Chapman, in review) implies that 
resetting of the Re-Os signature has not significantly affected the carbonate alteration at 
George Fisher. 
 
Fine-grained sulphide breccia interpreted to pre-date F2 folding by qualitative means 
(refer to Part D) is indistinguishable from mineralization types interpreted to have formed 
later in the deformation history.  This is possibly due to the large error of the age estimate 
(1423±130Ma) as this age range spans from ~1553-1293Ma.  However, the oldest age of 
the span (~1553Ma) approximately correlates with D2 deformation in the Mt Isa area 
(~1540Ma: Page and Bell, 1986).  The effects of regional-scale hydrothermal activity and 
thermal peak (Chapman, 1999, 2004) associated with Cu mineralization during D4 
(~1510Ma: Page and Bell, 1986) may have resulted in similar isotopic evolution of a pre-
deformational Zn-Pb-Ag sulphide occurrence as inferred for the host-rocks (Figure 3).  
However, the analyzed ore samples are likely to have contained more radiogenic Os if 
this were the case (see Table 1). 
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4.2 Source of metal at the George Fisher Zn-Pb-Ag deposit: comparison with     
previous models of Zn-Pb-Ag metallogeny in the Western Fold Belt of the Mt 
Isa Inlier. 
The initial 187Os/188Os ratio can be used to discriminate between crustal and mantle 
sources of metals which comprise ore deposits.  In studies of mineralization, sulfide ores 
were found to have initial ratios indicating crustal source of metal at the Tharsis and Rio 
Tinto massive sulfide deposits (0.37; Mathur et al., 1999), and at the Bendigo gold 
deposit (1.04; Arne et al., 2001).  The sulfides analysed at these deposits were an order of 
magnitude more radiogenic than the ores at George Fisher.  The average 187Os/188Os ratio 
for sulfides from Tharsis/Rio Tinto is 9.662 (Mathur et al., 1999) and 8.41 at Bendigo 
(Arne et al., 2001), compared with 0.7612 at George Fisher.  The greater abundance of 
187Os corresponds with higher initial Re/Os ratio in the rock indicating a crustal source 
(Esser and Turekian, 1993).  The initial ratio at George Fisher is 0.077±0.071which is 
within error of the 187Os/188Os ratio in the mantle of approximately 0.12 (Luck and 
Allegre, 1983; Walker and Morgan, 1989; Walker et al., 1989; Martin, 1991).  A mantle 
source for the Re and Os and ore metals in the sulfide mineralization at George Fisher is 
therefore inferred.  Metals have either been sourced from a mantle-fluid or from mantle-
derived rocks of the same age as the sulfides, 1423±130Ma.  Note that the basalts 
comprising the Eastern Creek Volcanics have an age of approximately 1770Ma (Blake 
and Stewart, 1992) and are therefore not the source rocks for Pb and Zn at George Fisher.   
 
Previous models developed for Proterozoic stratiform Pb-Zn deposits in the Mt Isa Inlier 
have involved hypotheses of leaching of metals from within the sedimentary basin (e.g. 
Ord et al., 2002) and introduction of metals from fluids sourced externally (Perkins, 
 Travis Murphy, 2004                                                                                       Part E                                              
                                                                                                                                                  
________________________________________________________________________ 
331
1997).   Analogies drawn with modern basinal brine compositions and metal solubility 
criteria resulted in Cooke et al. (2000) concluding that the proportion and type of 
sedimentary basin fill are fundamental controls on the chemistry of metalliferous 
sedimentary brines interpreted to be responsible for stratiform Pb-Zn deposits.  The 
oxidized basinal brines evolve from basins dominated by carbonates, evaporites, and 
hematitic sandstones and are reduced in anoxic sea-floor to sub sea-floor locations 
(Cooke et al., 2000).  A model for compaction-driven flow whereby impermeable cap 
rocks are breached during faulting and underlying fluid reservoirs in porous clastic rocks 
are discharged onto the sea floor, has been proposed by Lydon (1983).  Large et al. 
(2002) determined that this model is not applicable to deposits including Mt Isa, George 
Fisher/Hilton, and HYC, as thick porous clastic reservoir sequences are not present in the 
Mt Isa and McArthur basins and therefore there would be insufficient basinal fluid to 
form the ‘super-giant’ deposits.  Compaction-driven dewatering is considered not to be a 
viable process in producing large base-metal deposits in carbonate-shale-sandstone basins 
as thermal and mass fluxes are inadequate (Bethke, 1985; Solomon and Heinrich, 1992).  
 
Alternative models for deposits formed from metal sourced within the sedimentary basin 
include:  
• Downward penetrating convective fluids leach Pb and Zn from strata within the 
sedimentary basin (Russell et al., 1981) and are deposited as stacked stratiform lenses 
through episodic dewatering of the basinal brines during rift basin evolution 
(Sawkins, 1984).   
• Convection of fluids in sedimentary basins driven by high-heat producing granites 
(radioactive decay) within the basement (Solomon and Heinrich, 1992).   
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• Deformation-driven migration of basinal brines (Broadbent et al., 1998) is interpreted 
to have leached Pb and Zn from crustal rocks in the stratigraphic column subsequent 
to migration along faults in forming the Century Zn deposit late in the Isan orogeny 
(Ord et al., 2002).   
 
However, Perkins (1997) inferred the involvement of a deep-seated metal source tapped 
by juvenile fluids.  This is more consistent with the findings of this study of a mantle-
source of Pb-Zn in sulfides at George Fisher.  Adding to this argument, Chapman (1999, 
in review) interpreted 18O depletion haloes in the vicinity of economic Zn-Pb-Ag 
mineralization at George Fisher as zones of influx of mantle-fluid.   
 
While Cooke et al. (2000) considered the amount and type of basin fill and the presence 
of growth faults as a guide to prospectivity for stratiform base metal mineralization, a 
mantle-source of Pb and Zn as suggested by this study requires host-rocks to be proximal 
to major faults linked with crustal-scale faults and shear-zones interpreted to have acted 
as fluid conduits.  The Mt Isa-Paroo Fault system is proximal to the Mt Isa, Hilton and 
George Fisher Zn-Pb-Ag deposits.  This fault zone is part of a network of faults linked to 
a major mid-crustal shear zone located at a depth of approximately 35km in the crust 
below the Western Fold Belt (MacCready et al., 1998). 
 
5.  Conclusions 
Sphalerite and Galena mineralization at George Fisher have the same Re-Os isotopic 
signature and therefore have a common source.  The near-isochronous behaviour of 
barren host-rocks, despite having distinct isotopic ratios from the sulfides suggests 
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overprinting of host-rocks by the mineralizing fluid.  Consistent Re-Os isotopic signature 
of host-rocks and mineralization in PGE mineralization in sulfidic black shales (Yukon, 
Canada) indicated a syn-sedimentary to diagenetic age of PGE enrichment (Horan et al., 
1994).  Distinct isotopic ratios in this study suggest temporally separate host-rock 
formation and mineralization events.  An age of 1423±130Ma has been derived from an 
isochron consisting of eleven mineralized samples.  The age of host-rocks at George 
Fisher is 1655Ma (Page et al., 2000) and is outside the error of this estimate for the age of 
mineralization.   
 
The main deformation associated with the Isan Orogeny occurred from 1540 to 1510Ma 
(Connors and Page, 1995; Page and Bell, 1986).  This period is within error of the age 
obtained from Re-Os analysis and is consistent with the inferred D4 relative timing of the 
main mineralization styles at George Fisher (Part D-this study).  The 1423±130Ma age is 
also temporally equivalent to a period of post-orogenic cooling dated at 1392±85Ma 
(Farquharson and Richards, 1975) and 1482±52Ma (Page, 1981).  Re-Os dating of the 
sulfides at George Fisher has therefore not achieved the level of accuracy required to 
distinguish between individual deformation events and post-orogenic cooling but 
indicates that closure of the Re-Os isotopic system in the Zn and Pb sulphides 
significantly post-dates host-rock deposition. 
 
Cross-cutting relationships of galena mineralization on sphalerite mineralization are 
common at George Fisher (e.g. Figure 1e) however the time lapse between the 
emplacement of the various mineralization styles is not distinguishable using the Re-Os 
method as they are isochronous (Figure 2b).   Samples interpreted as pre-D2 (fine-grained 
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breccia, Figure 1a, refer to Part D) and syn-D4 (medium-grained galena breccia which 
cross-cuts stratiform sphalerite, Figure 1b and e, refer to Part D) plot on the same 
isochron and have ages within the ±130Ma error.   
 
A mantle source for the Pb and Zn is indicated by the initial 187Os/188Os ratio of 
0.077±0.071.  Proximity to a regional fault zone such as the Mount Isa-Paroo Fault 
system, interpreted to be part of a fault-network linked to a major mid-crustal shear zone 
(MacCready et al., 1998), is considered to be necessary to bring metal-bearing fluids from 
depth into contact with prospective host-lithologies at George Fisher. 
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PART F 
 
Tectonostratigraphic setting and controls on stratiform base metal 
mineralization in the Western Fold Belt of the Mt Isa Inlier, Australia: 
Comparison of the Mt Isa, George Fisher - Hilton, Lady Loretta, and 
Century Zn-Pb-Ag deposits. 
 
Abstract 
The major Zn-Pb-Ag deposits of the Mt Isa Inlier are concentrated in the Western Fold 
Belt.  The deposits are hosted by rocks deposited in the later stages of overprinting crustal 
extension events.  Basin closure/inversion during the Isan Orogeny resulted in the 
reactivation of earlier formed basin-bounding faults and development of district scale 
folds.  The Mt Isa, George Fisher/Hilton, Lady Loretta, and Century Zn-Pb-Ag deposits 
are hosted by variably carbonaceous and calcareous shale/siltstone which vary in age by 
approximately 60 million years.  Therefore, the host-rocks to mineralization are not direct 
correlatives.  However, deformation histories of the deposits and configuration of major 
structures are similar.  D1 faults and folds are implicated as potential fluid conduits or 
heterogeneities which have focussed dilation during later tectonism.  Intersections of 
these faults reactivated during D2-D4 are considered to have focussed fluid to near surface 
sites of ore deposition.  The D1 structures may also have focussed fluid earlier in the 
diagenetic history of the rocks which resulted in hydrothermal alteration of carbonate 
mineral assemblages at George Fisher.  The larger Zn-Pb-Ag deposits in the Western Fold 
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Belt are located at the intersection of D1 faults and/or folds with D2/D4 structures in 
calcareous/carbonaceous siltstones and shales.   
 
1.  Introduction 
The Western Fold Belt of the Mt Isa Inlier hosts globally significant resources of Zn-Pb-
Ag mineralization including deposits at Mt Isa, George Fisher/Hilton, Lady Loretta, and 
Century, which comprise 62% of the Zn+Pb metal budget for the entire the Mt Isa Inlier.  
These deposits, while all stratiform in geometry and hosted by similar lithologies, have 
different metal contents, controls on high-grade mineralization, and interpreted geneses.  
An exploration strategy for stratiform Zn-Pb-Ag deposits in the Western Fold Belt must 
therefore accommodate several genetic models in accordance with the individual studies 
on each deposit.    
 
The aim of this paper is to summarize the key aspects for each of the major deposits listed 
above, including the findings of this study of the George Fisher deposit, discuss 
correlations or contrasts in timing and interpreted genesis, and evaluate their implications 
for exploration for further Zn-Pb-Ag resources in the Western Fold Belt.  Features 
considered significant in localizing mineralization at George Fisher will be compared to 
other deposits to determine whether there are regional similarities in the controls on Zn-
Pb-Ag mineralization.    
 
2.  Geological evolution of the Western Fold Belt 
The Proterozoic sedimentary basins of the Mt Isa Inlier are interpreted as intracratonic 
back-arc extension associated with subduction of the Arunta slab (1800Ma) in central 
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Australia and continental collision (1600Ma) on the southern margin of the North 
Australian Craton (O’Dea et al., 1997a,b; Betts et al., 1998; Jackson et al., 2000; Page et 
al., 2000; Southgate et al., 2000; Giles et al., 2001; Betts et al., 2002).  The Proterozoic 
basins of the McArthur Basin, Georgetown Inlier, and Curnamona Craton are interpreted 
as correlative intracontinental back-arc basins with those of the Mt Isa Inlier (Betts et al., 
2002a).  The western part of the Mt Isa Inlier comprises two north-south striking terranes, 
the Leichardt River Fault Trough and Lawn Hill Platform (Figure 1).  Together these 
terranes form the Western Fold Belt.  Each represents sedimentary basins formed during 
intracontinental extension between 1780Ma and 1590Ma (Blake and Stewart, 1992; 
O’Dea et al., 1997a,b; Southgate et al., 2000; Betts and Lister, 2002).  Extension and 
basin development terminated prior to the formation of oceanic crust due to the ensuing 
period of east-west directed shortening associated with the Isan Orogeny at ca. 1600-
1500Ma (Blake et al., 1990).  This orogenesis was related to docking of the North 
American plate with Eastern Australia ca. 1540Ma and comprised thin-skinned lateral 
translations/thrusting (ca. 1600-1550Ma) followed by thick-skinned shortening at deeper 
crustal levels (MacCready et al., 1998; Betts et al., 2000; Betts et al., 2002).  Orogenesis 
in the Mt Isa and Georgetown Inliers (Isan Orogeny), Curnamona Craton (Olarian 
Orogeny), and northern Gawler Craton (Late Kararan Orogeny) are temporally equivalent 
episodes related to east-west directed continental collision (Betts et al., 2002).   
 
Initial sedimentation in the Leichardt River Fault Trough occurred during the Leichhardt 
Rift Event (Betts and Lister, 2002) from 1790Ma (Page, 1983).  This consisted of 
volcanics and conglomerate of the Bottletree Formation (Figure 2) and conglomerate, 
feldspathic sandstone, and quartz arenite of the Mount Guide Quartzite (O’Dea et al.,  
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Figure 2.  (a) Simplified tectonostratigraphic column for the Western Fold Belt.  Temporal 
positions of host-rocks to Zn-Pb-Ag deposits are indicated.  (b) Schematic cross-section 
through the Leichhardt River Fault Trough prior to basin inversion, district-scale folding 
and reverse movement on major faults.  Refer to Figure 1 for fault locations.   
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These rocks are overlain by 4-6km of rift-related continental flood basalts and 
intercalated sediments termed the Eastern Creek Volcanics (Glikson et al, 1976).  The 
next package of sediments, deposited during the Myally Rift Event (Betts et al., 1998), 
comprises the Myally Subgroup and Quilalar Formation which consist dominantly of 
quartzite and minor dolomite (O’Dea et al., 1997a).  Thickness changes within the Myally 
subgroup across east-west striking faults suggest synsedimentary reactivation of basement 
faults (Smith, 1969; Derrick, 1982).  Conglomerate and sandstone of the Bigie Formation 
lie unconformably on the Quilalar Formation and are intercalated with rhyolite flows in 
the Fiery Creek Volcanics (Betts et al. 1996) and Carters Bore Rhyolite.   
 
The Mt Isa Rift Event occurred from 1708Ma (Page and Sweet, 1998) until 1653Ma 
(Page and Sweet, 1998).  Temporally distinct rift sub-basins, each having similar 
dimensions and sharing bounding structures with the older Leichardt Rift, were 
superimposed onto the older Leichhardt basin (Figures 1, 2b) (Betts et al., 1998).  The Mt 
Isa Rift developed under kinematic conditions distinct from the Leichardt Rift (Betts et 
al., 1988) and after termination of rifting at 1653Ma continued to develop as a ‘sag’ basin 
due to thermal subsidence until ~1595Ma (Page and Sweet, 1998).  Sedimentary rocks of 
the Mt Isa Rift Event host all the known world class base-metal deposits in the Western 
Fold Belt.  Within the Mt Isa Basin, the dominant sedimentary rocks deposited during the 
Mt Isa Rift Event include sandstones, siltstones, dolomitic siltstones and shale.  The basal 
Surprise Creek formation was unconformably deposited upon the underlying rocks of the 
Leichhardt and Myally Rift Events and consists of channel-fill conglomerates, 
sandstones, and siltstone (O’Dea et al., 1997a).  Intrusion of the Sybella Batholith 
occurred at 1670Ma (Page and Bell, 1986) and preceded deposition of the Mt Isa Group.  
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The Warrina Park Quartzite marks the base of the Mt Isa Group sedimentary rocks 
(O’Dea et al., 1997a).  The Mt Isa Group consists dominantly of dolomitic and pyritic 
siltstones and shales and has a preserved thickness of approximately 3000m (Betts et al., 
1998).  In the Lawn Hill Platform, the lower member of the McNamara Group (~3000m 
thick) correlates with the Mt Isa Group in the Leichhardt River Fault Trough and also 
comprises dolomitic siltstones, sandstones and mudstones (Figure 2) (Betts et al., 1998).  
The deeper water sandstone, siltstone, and shale sequences of the Upper McNamara 
Group attained a thickness of 8km (Andrews, 1998) and are not preserved in the 
Leichhardt River Fault Trough (O’Dea et al., 1997a).   
 
The Isan Orogeny, from 1600 to 1500Ma marks the end of sedimentation in the Lawn 
Hill Platform at 1595Ma (Page and Sweet, 1998).   The Isan Orogeny involved 
components of both north-south and east-west shortening and sub-vertical extension 
causing crustal thickening (O’Dea et al., 1997b).   
 
Deformation in the Mt Isa Inlier during the Isan orogeny was not associated with 
accretion of ophiolites, growth of magmatic arcs, or high-pressure metamorphism.  
Orogenesis was therefore not associated with an active subduction zone (O’Dea et al., 
1997b).  The distribution of deformation features in the basin fill of the Mt Isa Rift rocks 
has been interpreted to be partly controlled by reactivation of basement structures during 
mid-Proterozoic orogenesis (O’Dea et al., 1997b; MacCready et al., 1998).  Reactivation 
of east-west striking basement faults during north-south crustal shortening (D1) resulted 
in the development of localized east-west trending folds immediately adjacent to these 
faults (Figure 3) (O’Dea et al., 1997a,b; Betts and Lister, 2002).  Apparently similar  
(after Betts and Lister, 2002)
(after Cooke et al, 2002; additional data sources referenced in text)
Travis Murphy, 2004 Part F
- 348 -
Figure 3.  (a) East-west trending extensional faulting during the Leichhardt and 
Myally Rift Events formed half-grabens filled during synchronous and subsequent 
sedimentation.   (b) North-south directed shortening caused buttressing of upper
level sediments against basement rocks at the fault position.  Reactivation of the
fault and the resultant basin inversion created folds and zones of foliation 
development adjacent to and up-dip from the early formed faults.  Note that the
reactivation of the buried fault resulted in a fold in the overlying sediments.
Figure 4.  Summary of resource information for the major Zn-Pb-Ag deposits in
the Mt Isa and McArthur Inliers (refer to Figure 1 for localities).
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deformation partitioning in sedimentary rocks overlying a crystalline basement in the 
French Alps is interpreted to have occurred where basement blocks, formed during 
rifting, act as buttresses during subsequent deformation (Gratier and Vialon, 1980).  East-
west trending slaty cleavage and associated folding (Winsor, 1986) occurs in the vicinity 
of interpreted older growth faults in the underlying Leichardt Rift rocks (Derrick, 1982) 
resulting in a deformation style analogous with that inferred by Gratier and Vialon 
(1980).  O’Dea and Lister (1995) interpret east-west striking high-strain zones in the 
hangingwall of normal faults as the effect of local strain in basin sediments buttressed 
against basement during deformation in the Crystal Creek area.  Betts and Lister (2002) 
infer the formation of antiformal folds above reactivated basement faults near the Century 
deposit during half-graben inversion.  Subsequent east-west shortening (D2) produced 
crustal-scale north-south trending folds with a pervasive foliation (Bell, 1983; Blake, 
1987).  Further weak local deformations (D3 – D4+) associated with minor folds and 
sporadic cleavage development formed during subhorizontal east-west shortening (D4) 
and intervening subhorizontal extension (D3) (Valenta, 1988, 1994; Bell and Hickey, 
1998; Chapman, 2004).  These late minor deformations may not have regional analogs 
due to reactivation of earlier formed structures but are significant at the scale of Zn-Pb-
Ag orebodies.  
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3.  Characteristics of the setting of the Mt Isa, George Fisher-Hilton, 
Lady Loretta, and Century Zn-Pb-Ag deposits. 
  
The Mt Isa, George Fisher/Hilton, Lady Loretta, and Century deposits will now be 
described in terms of their defining geological characteristics and setting in the context of 
the above mentioned tectonostratigraphic history. 
 
3.1  Mt Isa 
The Mt Isa Zn-Pb-Ag deposit is located in the Leichhardt River Fault Trough division of 
the Western Fold Belt (Figure 1).  The Mt Isa Zn-Pb-Ag deposit had a pre-mining 
resource in the order of 150 million tonnes at 6.5% Zn, 6.5% Pb, and 149g/t Ag 
(calculated from data in: Forrestal, 1990) for approximately 19.5 million tonnes of 
contained metal (Figure 4).  The deposit consists of stacked stratiform sulphide-rich 
packages of stratigraphy hosted within pyritic siltstones and shales of the Urquhart Shale 
formation in the Mt Isa Group (Figures 2 and 5a).  The deposit is proximal to the Mt Isa-
Paroo Fault system (Figure 5a).  The Paroo Fault, implicated in the genesis of the Mt Isa 
Zn-Pb-Ag and Cu orebodies, is interpreted to represent a bounding fault to a half-graben 
formed during the Leichhardt Rift Event (Figures 1 and 2a and b) and subsequently 
reactivated during the Mt Isa Rift Event and basin inversion associated with the Isan 
Orogeny (Betts and Lister, 2002). 
 
Fold zones with steeply dipping axial planes deform the sequence and are interpreted to 
be of D4 age (Davis, 2004, Perkins 1997 (D3: equivalent of D4 in this study)).  The main  
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fold zones control ore distribution such that the main body of mineralization is contained 
between the hinge zones (Figures 5a and b) (Wilkinson, 1995; Myers et al., 1996).  This 
relationship is illustrated in Figure 5a where mineralization is less significant east of the 
Mt Isa Fold and in Figure 5b where the trend and plunge of F4 fold axes is parallel with 
the plunge of high-grade Zn+Pb mineralization, and the folds mark the termination of the 
high-grade mineralization.   
 
The replacive nature of sphalerite and galena mineralization at Mt Isa (Grondijs and 
Shouten, 1937; Perkins, 1997) terminating on post-lithification veins and fractures 
(Perkins, 1997) and the lack of mineralization in hemipelagic sediments (Neudert, 1986) 
indicate that the bulk of mineralization at Mt Isa attained its present distribution via 
processes other than exhalation onto the seafloor (cf. Finlow-Bates, 1979; Russell et al., 
1981; Large et al., 2002).  Introduction of ore sulphides is interpreted as syn- to late in the 
deformation history during differential shear on bedding surfaces (Blanchard and Hall, 
1942; Perkins, 1997).  Redistribution of early Pb-Zn mineralization during pervasive 
silica-dolomite alteration (Figure 5a) has been considered (Myers et al., 1996).  However, 
steeply dipping F3 (F4 of Davis, 2004; this study) have more control over the termination 
of Pb-Zn mineralization and are not always spatially coincident with the obvious silica-
dolomite alteration front (Myers et al., 1996), despite stable isotopic data indicating that 
associated hydrothermal activity extends regionally such that all Pb-Zn ore at Mt Isa is 
within the silica-dolomite Cu-related alteration halo (Chapman, 1999, in review).  Davis 
(2004) infers that the homogeneity of the Zn-Pb-Ag grade populations at Mt Isa refutes 
the hypothesis of orebody formation by remobilization, instead invoking a model of 
syntectonic ore genesis.  If remobilization was the ore forming process, Davis (2004) 
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suggests that the proto-ore occurrence was distal to the current location of orebodies at 
the Mt Isa deposit.  However, Chapman (1999, in review) inferred that the similar stable 
isotopic character of carbonate minerals interpreted to be associated with Pb-Zn 
mineralization and silica-dolomite alteration/Cu-mineralization at Mt Isa is the result of 
extensive remobilzation of a proto-ore during the Cu event.  In areas distal from the 
intense silica-dolomite alteration at Mt Isa, Pb-Zn mineralization and incipient silica-
dolomite alteration/Cu-mineralization are associated with compositionally and 
isotopically distinct carbonate mineral assemblages. 
 
3.2  George Fisher - Hilton 
The George Fisher and Hilton Zn-Pb-Ag ore deposits are located 22km north of the Mt 
Isa deposit in the Leichhardt River Fault Trough (Figures 1 and 2).  The deposits have 
total resources of 108 million tonnes at 11.1% Zn, 5.4% Pb, and 93g/t Ag (MIM report to 
shareholders – 1998) and 120 million tonnes at 10% Zn, 5.5% Pb, and 100g/t Ag (Large 
et al., 2002); respectively (Figure 4).  The two deposits occur along strike from one 
another with approximately 2km separation (Figure 6a).  The deposits are essentially two 
shoots within the one mineralized system separated by younger faults (Figure 6a).  
Combined, the two deposits comprise over 37 million tonnes of contained Pb and Zn 
metal in a resource of approximately 228 million tonnes.  The George Fisher – Hilton 
deposit is therefore the largest known Pb+Zn occurrence in the Mt Isa Inlier (Figure 4) 
and, globally, is the second largest stratiform Pb+Zn deposit after the Broken Hill deposit 
(52 million tonnes contained Pb+Zn metal: Large et al., 2002). 
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The deposits consist of stacked stratiform sulphide-rich packages of stratigraphy hosted 
by siltstones and pyritic siltstones within the Urquhart Shale Formation in the upper Mt 
Isa Group (Figures 1,2 and 6a-c), proximal to the Mt Isa-Paroo Fault system (Figure 6a-
c).  Four deformation episodes are interpreted to have affected the host rocks at George 
Fisher and can be correlated with structural features in the Mt Isa deposit 22km to the 
south.  The stratiform and stratabound nature of the sulphides has been interpreted as 
either syngenetic/SEDEX type mineralization (Mathias et al., 1971; Sawkins, 1984) or 
syn-diagenetic as the mineralization was interpreted to be overprinted by deformation 
features (Valenta, 1994; Chapman, 2004) and were spatially correlated with diagenetic 
calcite alteration (Chapman, 1999).   
 
At George Fisher, the highest grade and thickest mineralization (Figures 7a and b) 
plunges steeply to the south-west within the short-limb of a deposit-scale F1 fold (Figure 
7a).  The F1 fold is represented by an s-shaped flexure in bedding in plan view (Figure 
7b).  Subsidiary ore shoots parallel to fold axes formed during D2 and D4 are discussed in 
Part B.  Vein and breccia-hosted ore types which dominate the main steeply pitching ore 
shoot are here interpreted as post-D2, the main phase of folding in the Leichhardt River 
Fault Trough. Formation of the present metal distribution is inferred to be controlled by 
the kinematics of D4 whereby dilation was focussed within the F1 short-limb zone thereby 
enhancing fluid flow in this region.   
 
The distribution of diagenetic calcite alteration determined by Chapman (1999) also 
exhibits a spatial correlation with the F1 fold short-limb (Figure 8).  Calcite alteration 
occurs over wider intercepts and forms higher proportions of the rock within the F1 short-  
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limb zone than in those rocks to the south and north of the F1 short-limb.  This implies 
that the fold has had some control over the development of the alteration and that both 
occurred during diagenesis and the onset of basin inversion.  The east-west trending F1 
fold is interpreted to be related to folding and faulting of a similar orientation to the east 
of George Fisher in the Lake Moondarra area (Winsor, 1986).  Folding of these structures 
by district-scale F2 folds confirms their early relative timing (refer to Part A – Figure 2).  
The F1 fold central to the George Fisher deposit may therefore have focussed fluid flow 
from as early as diagenesis through to the later stages of orogenesis recording a long-lived 
and complex hydrothermal system as described by Chapman (1999, 2004).   
 
3.3  Lady Loretta 
The Lady Loretta Zn-Pb-Ag deposit occurs within the Lawn Hill Platform (Figure 1).  
The deposit is stratiform and has a resource of 13.6 million tonnes at 17.1% Zn, 5.9% Pb, 
and 97g/t Ag (Noranda company report – 2000) with approximately 3 million tonnes of 
contained metal (Figure 4).  Lady Loretta therefore represents the smallest and highest 
grade deposit of the Zn-Pb-Ag deposits in the Western Fold Belt discussed here.  The 
deposit is hosted by siltstones and pyritic siltstones of the Lady Loretta Formation which 
occurs at the top of the Lower McNamara Group (Figure 2).  The Lower McNamara 
Group correlates with the Mt Isa Group sediments (Betts et al., 1998) which host the Mt 
Isa and George Fisher-Hilton ore deposits.  The age, geological setting, and ore 
characteristics of the Lady Loretta deposit are interpreted to be similar to that of the Mt 
Isa and George Fisher-Hilton deposits (Hancock and Purvis, 1990).  The Lady Loretta 
orebody is located within a doubly-plunging F2 syncline (Lee, 1972; Loudon et al., 1975) 
which is overprinted by minor F3 folding with northwest trending axes (Lee, 1972)  
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Figure 9.  (a) Plan view of the Lady Loretta deposit at the 100mRL illustrating the structural 
features that affect the distribution of Zn-Pb-Ag  mineralization.  The northeast trending F  2
syncline is cut by the Carlton Fault and overprinted by north-northeast striking reverse faults 
and associated drag- folding.  (b) Section A-A’ (see (a)): the north-northeast trending reverse 
faults correlate with significant changes in the thickness and distribution of high-grade 
mineralization.  These faults postdate the F  syncline.  Note that the distribution of ore is not 2
symmetrical about the F  axial plane on this section.2
 Travis Murphy, 2004                                                                                       Part F                                                      
                                                                                                                                                  
________________________________________________________________________ 
360
(Figure 9a, b).  The deposit is adjacent to the district-scale ENE striking Carlton Fault 
(Figure 9a), which attains a width of 200m of shearing and brecciation, and which brings 
older rocks of the Lower McNamara Group into contact with the ore sequence (Hancock 
and Purvis, 1990).  The Carlton Fault cross-cuts the F2 syncline and is not folded by the 
F2 fold.  The Carlton Fault therefore has a movement history which postdates the main 
phase of folding at Lady Loretta.  This fault has previously been described as a possible 
conduit for mineralizing fluid (Lee, 1972; Hancock and Purvis, 1990).  It has also been 
described as a growth fault with movement occurring during deposition of the ore 
sequence (Hancock and Purvis, 1990).  The growth fault interpretation is disputed by 
Dunster and McConachie (1998) who found no evidence for unusual facies or thickness 
changes proximal to the fault and determined that features of the inter-ore breccias are not 
consistent with their formation during syn-sedimentary faulting.  The fault was therefore 
considered to postdate mineralization (Dunster and McCDonachie, 1998).  The F2 
syncline and Carlton Fault are offset by the reverse-sinistral NNE striking Max’s and 
Koff Faults (Figure 9a, b).  Displacement on these oblique-slip reverse faults is in the 
order of 15-30m laterally and 50-65m dip-slip (Figure 9a, b).  The thickness and grade of 
the ore sequence increases where intersected by these faults (Figure 9b).  The thickness 
and grade of the ore sequence does not correlate across these faults (Figure 9b).  Max’s 
Fault creates a synform in the ore sequence (Figure 9b) which parallels the strike of the 
fault (Figure 9a).  From published geological interpretations, these faults, and associated 
folds appear to have the most significant affect on ore distribution (Hancock and Purvis, 
1990). 
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Recrystallization of sulfides (Loudon et al., 1975; Hancock and Purvis, 1990; McGoldrick 
et al., 1996) is attributed to deformation of the deposit during fold-forming orogenesis.  
However, the timing of a tectonic fabric within the deformation history of the deposit is 
not established.  Though deformation has produced pervasive recrystallization, 
remobilization and discordant sulphide veining appear uncommon (Hancock and Purvis, 
1990).  Thickening of the ore sequence and higher grade material has been interpreted to 
be related to the ‘keel’ or hinge of the F2 syncline (Hancock and Purvis, 1990).  However, 
the Max’s and Koff reverse faults appear to correlate with a more significant change in 
grade distribution.  The geographical centre of the high grade zone in the cross-section in 
Figure 9b is on the western limb of the F2 syncline as opposed to the hinge. 
 
Genetic models for the Lady Loretta deposit consist of variations on the syngenetic 
sedimentary exhalative hypothesis whereby sulphides precipitate from fluids expelled 
from a fault in the seafloor with contemporaneous infilling of pores in subsurface 
sediments (Loudon et al., 1975; Hancock and Purvis, 1990; McGoldrick et al., 1996).  
The Carlton Fault, or its pre-D2 equivalent, is the most likely source of mineralizing fluid 
in the Lady Loretta deposit.  Post-D2 reverse faults appear to have significant controls on 
ore distribution despite previous interpretation that remobilization is insignificant.   
 
3.4  Century 
The Century Zn-Pb-Ag deposit is located in the northern reaches of the Lawn Hill 
Platform (Figure 1).  This deposit comprises stratiform mineralization with a 
subhorizontal to gently dipping attitude.  Century is zinc-dominant and has a total 
resource of 118 million tonnes at 10.2% Zn, 1.5% Pb, and 36g/t Ag (Broadbent et al., 
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1998) for approximately 14 million tonnes of contained metal (Figure 4).  The deposit is 
hosted within laminated siltstones and shales of the 1595±6 (Page et al., 1994) Lawn Hill 
Formation (Figure 2) which is approximately 60 million years younger than the host 
rocks to mineralization at the Mt Isa, George Fisher-Hilton, and Lady Loretta deposits.  
Sulphide mineralization is concentrated in the shale horizons (Broadbent et al., 1998).  
The Century deposit is situated in a region characterised by abundant F1 folds and faults 
and later F2 folds which have a near-orthogonal intersection angle with F1 (Figure 10).  
This style of fold interference pattern has been described as ‘dome and basin folding’ 
(Broadbent et al., 1998), and represents a type ‘A’ interference pattern (Ramsay and 
Huber, 1987) (Figure 10).   
 
Mineralization is interpreted to be spatially coincident with a hydrocarbon trap and liquid 
hydrocarbons are inferred to have facilitated thermochemical reduction of the ore fluid 
resulting in precipitation of sulphides (Broadbent et al., 1998).  Ore fluid ingress was 
controlled by microfracture networks developed during repeated overpressuring of the 
sequence during basin inversion and regional deformation (Broadbent et al., 1998).  Three 
sphalerite±galena mineralization stages are recognized at Century with post-
compaction/pre-folding, syn-folding, and post-folding relative timing (Broadbent et al., 
1998).  The lead model age for the Century deposit is 1570±5Ma (Ord et al., 2002; Carr et 
al., 1996) which is 20my younger than the age of the host rocks (1595±6; Page et al., 
1994).  The formation of the Century deposit is therefore inferred to have initiated during 
late-diagenesis/post-compaction and continued during north-south (D1) and east-west 
directed shortening (D2) of the Isan Orogeny.  Numerical modelling of fluid flow 
associated with both the D1 and D2 episodes indicates that hydrofracturing occurs during 
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Figure 10.  Geological map of the  area encompassing the Century deposit.  The
Zn-Pb-Ag deposit is adjacent to the regional Termite Range Fault and occurs in
the upper McNamara Group stratigraphy which has undergone ‘dome and basin’ 
folding (Broadbent et al., 1998).  This is interpreted as the interference pattern 
produced by north-south oriented F  folding of east-northeast trending F  folds. 2 1
Betts and Lister (2002) have interpreted a buried normal fault to the east of and
intersecting the Termite Range Fault  in the vicinity of the Century deposit.  The
intersection of these structures is interpreted as a region of enhanced fluid flow 
possibly supplying ore fluid in the formation of the deposit (Betts and Lister, 
2002)
Travis Murphy, 2004 Part F
- 363 -
7920000N
260000E
5km
N
Recent
sediments
Cambrian
Limestone
South Nicholson
Group
Upper McNamara
Group
Lower McNamara
Group
Fault
F  fold2
F  fold1
Pb-Zn
occurrence
(modified from Ord et al., 2002)
Inferred position
of bur ied faul t
from aeromagnetic
i n t e r p r e t a t i o n
(Betts and Lister,
2002)
 Travis Murphy, 2004                                                                                       Part F                                                      
                                                                                                                                                  
________________________________________________________________________ 
364
southeast-northwest shortening (D1).  However during D2, hydrofracturing and related 
flow-focussing ceases (Ord et al., 2002).  Despite this, increased topographic relief due to 
crustal thickening during the Isan Orogeny is implicated in driving fluid flow up faults 
normal to the Termite Range Fault to a locus of fluid mixing and sulphide precipitation 
(Ord et al., 2002).  D1 folding of fissile shales is considered a critical factor in exploration 
for Century-style mineralization (Ord et al., 2002). 
 
4.  Discussion 
4.1  Common and contrasting features in the setting of the Zn-Pb-Ag deposits of 
the Western Fold Belt and implications for exploration 
A key similarity between each of the deposits is the comparable host-lithologies 
comprising calcareous and variably carbonaceous siltstones, pyritic siltstones and shales.  
The Lady Loretta deposit differs in that barite is present in the ore-bearing stratigraphy 
but this is clearly not a requirement in the genesis of the larger base-metal deposits 
(Loudon et al., 1975; Large et al., 2002).  Pyritic siltstone/shale are present at each 
deposit and interpretations of the formation of the fine grained pyrite range from 
syngenetic precipitation of pyrite with deposition of the host sequence (Finlow-Bates et 
al., 1977), synsedimentary to early diagenetic precipitation in H2S producing micro-
organisms (Love and Zimmerman, 1961), syndiagenetic replacement subsequent to 
compaction (Chapman, 1999), and post-diagenetic cleavage replacement (Perkins, 1998).  
Both syngenetic (Finlow-Bates et al., 1977) and syndeformational (Perkins, 1998) modes 
of formation are genetically related to the Pb+Zn mineralization system.  However, 
syndiagenetic formation of the fine-grained spheroidal pyrite is inferred to have occurred 
during a distinct hydrothermal event from the base-metal mineralization (Williams, 
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1978a, b; Chapman, 1999).    This is supported by sulfur (Smith and Croxford, 1973) and 
lead (Gulson, 1975) isotope studies which indicate that the fluids that formed the pyrite 
and Pb+Zn mineralization were derived from different sources (Schieber, 1990).  
Extensive pyritic shale horizons occur in Proterozoic basins in Montana, USA without 
significant Pb+Zn occurrences (Schieber, 1990).  The pyritic siltstones show a striking 
resemblance to those of the Leichhardt River Fault Trough and Schieber (1990) 
concluded that the formation of pyritic shale/siltstone as microbial mats may be unrelated 
to the processes which form giant lead-zinc deposits.  Pyritic rocks may however be 
preferential hosts to later-formed lead-zinc mineralization. 
 
Another key element which links the stratiform Zn-Pb-Ag deposits discussed here is their 
proximity to district-scale faults which have long movement histories and have undergone 
reactivation throughout the Isan orogeny.  The Mt Isa and George Fisher – Hilton Zn-Pb-
Ag deposits are situated 200-300m from the Mt Isa – Paroo Fault system which may have 
been active during the Leichhardt Rift Event (from 1790Ma; Page, 1983) and therefore 
predates the formation of host-rocks to Zn-Pb-Ag mineralization (Betts and Lister, 2002).   
The Lady Loretta deposit is adjacent to the Carlton Fault, which may have predated 
deposition of the stratigraphy (1647Ma; Betts and Lister, 2002) hosting mineralization at 
the deposit (Hancock and Purvis, 1990).  Both faults have subsequently been reactivated 
and now truncate stratigraphy and the ore sequence.  The Century deposit is bounded by 
the Termite Range Fault which is interpreted to be the surface expression of reactivation 
of a deep-rooted shear zone which predates the Mt Isa Rift Event (Betts and Lister, 2002).  
Each of these faults are significant at the district-scale, may represent reactivation of a 
basement structure, and have a movement history which incorporates the entire diagenetic 
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and deformation history of the host-rocks, although their movement histories cannot 
confidently be linked to the sedimentary history of the host sequences as reactivation 
during subsequent extensional and compressional events has obscured these relationships.  
At each deposit, the major fault which occurs in close proximity or bounds the deposit has 
been inferred as a conduit potentially supplying metal-bearing fluids to the site of 
mineralization. 
 
There is at least an empirical relationship between the location of the Zn-Pb-Ag ore 
deposits and D1 folds and/or faults.  As discussed above, the Mt Isa – Paroo Fault system 
and Termite Range Faults are interpreted as pre-Mt Isa Rift structures and may therefore 
have been active during D1 of the Isan Orogeny.  The Century deposit is situated in a 
region characterized by the intersection of east-northeast striking D1 folds and faults and 
the northwest striking Termite Range Fault.  Dome and basin folding reported by 
Broadbent et al. (1998) and implicated in the genesis of the Century deposit, occurs where 
F1 and north-south trending F2 folds intersect at a high angle (Figure 10).  Betts and Lister 
(2002) interpret the Century deposit to lie at the intersection between the Termite Range 
Fault and a buried east-northeast trending fault to the east of the Termite Range Fault 
(Figure 10).  However, the Century deposit lies to the west of the Termite Range Fault 
and sinistral offset on the fault during the east-west horizontal shortening of the Isan 
Orogeny mean that the deposit and the ‘buried fault’ were not originally juxtaposed 
(Figure 10).  The Lady Loretta deposit is located on the east-northeast striking Carlton 
Fault which was probably active during D1 (Hancock and Purvis, 1990).  At George 
Fisher, the deposit is centred on an open F1 fold with an east-northeast striking axial 
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plane.  This fold has equivalent relative timing and parallels F1 folds and faults mapped 
by Winsor (1986) in the lake Moondarra area to the east of George Fisher.   
 
Each of the deposits occurs at a location where F2 folding intersects earlier D1 structures.  
This may not be such a useful tool for exploration given that the D2 deformation is 
pervasive throughout the Mt Isa Inlier, however, it is probable that areas of F2 folding 
focus later deformations and associated hydrothermal activity.  The intersection of F1 and 
F2 folding may therefore help define prospective sites for structurally controlled 
mineralization. 
 
The inferred genetic significance of F4 folding at the Mt Isa deposit (Wilkinson, 1995; 
Myers et al, 1996; Perkins, 1997; Davis, 2004) is not replicated at the other deposits 
discussed in this paper.  However, post-D2 reverse faulting and associated drag-folds at 
Lady Loretta coincide with ore shoots of high grade and greater thickness.  D4 kinematics 
are inferred to have focussed ore fluid into structural sites at the George Fisher deposit.  
F4 folding at the scale observed at the Mt Isa deposit (Figure 5a) is not recognized at the 
George Fisher – Hilton, Lady Loretta, or Century deposits.  This is consistent with the 
association of D4 structural elements with copper mineralization at Mt Isa (Perkins, 1997; 
Bell et al., 1988; Van Dijk, 1991), and the lack of associated extensive, high-grade copper 
mineralization similar to that found adjacent to the Mt Isa Zn-Pb-Ag deposit at the other 
deposits.  However, studies of copper mineralization in the northern region of the 
Western Fold Belt by Van Dijk (1991) identified a relationship between D1 structures and 
copper mineralization and infers that D3 (D4 – this study) extension at a high angle to D1 
structures optimized hydraulic brecciation through repeated cycles of dilation, resulting in 
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alteration and mineralization replacing the brecciated host rock and progressing upward 
along steeply inclined bedding, cleavage, and earlier formed veining. 
 
The Mt Isa, George Fisher – Hilton, Lady Loretta, and Century deposits are hosted by 
sedimentary rocks with ages that span approximately 60 million years.  If sedimentary 
exhalative models were the main control on ore formation and an assumption that all of 
the Zn-Pb-Ag deposits formed in a similar manner, deposits should be hosted within a 
geological unit representing a more limited time span given that Finlow-Bates (1979) 
inferred sulfide deposition to occur at a rate of approximately 1cm/week.  Exploration 
strategies based purely on stratigraphic correlation are therefore inadequate in the 
Western Fold Belt.  The similar host-rock lithologies, proximity to district-scale faults, 
and shared early orogenic history enable prospectivity to be assessed based upon the 
broader setting of the giant ore deposits described in this study.   An apparent trend in the 
timing of ore formation relative to deformation history from Century to George Fisher to 
Mt Isa (north to south) exists as: late-diagenetic/D2 to late-diagenetic/post-D2/D4 to D4 
timing, respectively.  Ambiguity in the interpretation of the timing of these deposits arises 
from the inference that structurally controlled mineralization may or may not be 
remobilized.  At the George Fisher deposit it is apparent that the F1 fold which focussed 
diagenetic hydrothermal activity and alteration also acted as a heterogeneity focussing 
dilation and final sites of mineralization.  It is possible that diagenetic processes prepared 
the host-rock for later mineralization at George Fisher.   
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4.2  Significance of D1 (approximately east-west oriented) structures and 
implications for Zn-Pb-Ag metallogenesis in the Western Fold Belt of the 
Mt Isa Inlier 
D1 folds and/or faults are implicated in each of the deposits discussed from focussing 
diagenetic fluid to focussing dilation during post-D1 tectonism.  These structures are 
interpreted as being related to reactivated basement faults (O’Dea et al., 1997a,b; Betts 
and Lister, 2002) and therefore it is likely that they or at least any related faults can tap 
fluids from deeper levels. Connectivity of these features with regional faults (e.g. the 
Termite Range Fault) enhances fluid flow to sites of near surface mineralization.   At the 
regional scale, Betts and Lister (2002) propose that the intersections of the D1 ‘cross-
faults’ and regional faults create dilational zones which channel ore fluid.  Observations 
at individual deposits reveal that the effects of the D1 deformation are subtle and partly 
obscured by overprinting deformation during the main phase of the Isan Orogeny.   
 
Approximately east-west trending zones of D1 deformation are not recognized in the 
vicinity of the Mt Isa deposit perhaps because of the particularly strong later F4 folding. 
However, Betts and Lister (2002) interpret the Paroo Fault as a half-graben bounding 
structure during the Leichhardt Rift Event subsequently reactivated during the Mt Isa Rift 
Event.  At the George Fisher deposit, an interpreted F1 fold with east-northeast striking 
axial planes is spatially coincident with diagenetic alteration (Figure 8) and hosts the 
main ore shoot of higher grade Zn-Pb-Ag mineralization at the deposit (Figure 7a and b).  
Successive phases of hydrothermal activity responsible for calcite alteration, fine-grained 
pyrite formation, calcite+k-feldspar+hyalophane+celsian+quartz vein development, and 
sphalerite mineralization have been described at the George Fisher deposit (Chapman, 
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1999).  Spatial coincidence of these events and the present day metal distribution, with 
the F1 fold at George Fisher suggests that the F1 fold has focussed fluid flow from 
diagenesis through to D2-D4 stages.  The fold is a subtle feature, but if it is the upper level 
expression of a reactivated basement fault then the longevity of the hydrothermal system 
responsible for mineralization at George Fisher can be rationalized.  The F1 fold is 
considered a key element in the formation of mineralization at the George Fisher deposit. 
D1 cross-faults (east-west striking in the Lake Moondarra area; refer to Part A – Figure 2) 
are interpreted to be related to the Myally Rift Event and when extrapolated along strike, 
these features intersect the Paroo Fault near the ore deposits on the western edge of the 
Mt Isa valley (Betts and Lister, 2002).  Intersections of these fault systems have been 
inferred to be potentially important fluid conduits by Betts and Lister (2002).  The 
configuration of fault systems produced throughout extensional basin formation is 
considered favourable for hydrothermal activity and passage of ore-fluids regardless of 
the timing of the hydrothermal event (Betts and Lister, 2002).    
 
Similarly, the Carlton Fault at the Lady Loretta deposit (Figures 9a and b) has been 
interpreted as the fluid conduit which has supplied metals to the small but high grade Zn-
Pb-Ag deposit. 
 
At the Century deposit, results from fluid flow modelling infer that fluid was focussed 
into favourable layers during hydrofracturing associated with D1 southeast-northwest 
directed shortening (Ord et al., 2002).  Increased topographic relief due to crustal 
thickening during the Isan Orogeny is implicated in driving fluid flow up D1 faults normal 
to the Termite Range Fault to a locus of fluid mixing and sulphide precipitation (Ord et 
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al., 2002).  D1 folded carbonaceous shales are considered a key factor in exploration for 
Century-style mineralization (Ord et al., 2002). 
 
5.  Conclusions 
The Zn-Pb-Ag deposits of the Western Fold Belt are hosted by sedimentary rocks 
deposited during the later stages of at least two overprinting extensional events.  
Mineralization occurs in calcareous and variably carbonaceous shales, siltstones, and 
pyritic siltstones.  Host-rocks to the respective deposits vary in age by approximately 60 
million years from 1655 to 1595Ma.  Despite this, the structural history of the Mt Isa, 
George Fisher – Hilton, Lady Loretta, and Century deposits have similarities. 
Identification of similar structural histories in other prospects may be useful as 
exploration tools.  Each of the deposits is proximal to a district to regional-scale fault 
which was active during D1.  These may be primary basin-bounding faults such as the Mt 
Isa – Paroo Fault system and Termite Range Fault or secondary reactivated basement 
faults such as the generally east-northeast to east-west striking faults and folds at Century, 
Lady Loretta, and George Fisher.   
 
F2 folding also occurs at each of the deposits and is likely to have influenced the 
development of later F3 and F4 fold episodes as inferred at George Fisher (refer to Part 
A).  However, significant F4 folding only occurs at the Mt Isa deposit, although D4 
kinematics are implicated in the focussing of dilation and potentially remobilized 
mineralization into the F1 short-limb at the George Fisher deposit.  At the George Fisher 
deposit it is apparent that the F1 fold which focussed diagenetic hydrothermal activity and 
alteration also acted as a heterogeneity focussing dilation and final sites of mineralization.  
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The F1 fold may be the upper level expression of a reactivated basement fault thereby 
accounting for the longevity of the hydrothermal system responsible for alteration and 
mineralization at George Fisher.   
 
The spatial correlation of most larger stratiform Zn-Pb-Ag deposits in the Western Fold 
Belt with the intersection of D1 faults and/or folds with D2/D4 structures in 
calcareous/carbonaceous siltstones and shales may be used as an indicator of 
prospectivity in the exploration for further deposits of this type.   
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CONCLUSIONS 
 
Key conclusions of this study of the George Fisher deposit are as follows: 
 
1.  Deformation history of the George Fisher host-rocks 
The effects of four ductile deformations are preserved in the host-rocks to Zn-Pb-Ag 
mineralization.  The earliest, D1, is manifest as an open deposit-scale fold (F1) with an 
east-west striking axial plane.  D2 is regionally extensive and F2 folding dominates the 
structural grain of the George Fisher – Lake Moondarra area.  The majority of mesoscale 
to exposure-scale folds at George Fisher are of D2 age and have north-northwest striking 
axial planes and a pervasive slaty/solution cleavage (S2) parallel to the F2 axial planes.  
Following this main phase of sub-horizontal shortening, an episode of sub-vertical 
shortening/sub-horizontal extension (D3) formed folds with sub-horizontal axial planes 
and gently-dipping crenulations of the S2 cleavage and bedding.  D3 features are 
overprinted by sub-vertical crenulations (S4) and minor folds (F4) with sub-vertical north-
northeast striking axial planes.  Faults in the deposit and surrounding environs range in 
age from syn-D1 or older faults that have been reactivated during subsequent 
deformations, through to late faults formed during late or post-D4 which cut the ore-
bearing sequence.  
 
Within the short-limb of the deposit-scale F1 flexure, S2/F2 are parallel to bedding 
whereas north and south of the F1 short-limb, S2/F2 are oblique to bedding.  However, 
S4/F4 are markedly discordant to bedding and S2 within the F1 short-limb, but 
approximately parallel to bedding outside the F1 short-limb.  The higher angle of S4 to 
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bedding in the F1 short-limb coincides with the location of more intense development of 
S4 crenulations. 
 
A swap in the foliation vergence relationships between S4 and S0/S2 occurs between the 
Mt Isa and George Fisher deposits.  The district-scale orientation of S4/F4  features sub-
parallels the margins of the Sybella Batholith and implies that the batholith has acted as a 
buttress during later deformation and thereby resulted in heterogeneous development of 
D4 strain. 
 
2. Geometry of George Fisher ore shoots and location within the structural   
architecture of the deposit 
Shoots of high-grade and thicker mineralization parallel the plunge of the F1 fold and are 
largely confined to the short-limb of this fold.  Subsidiary ore shoots are coincident with 
areas of more intense F2 folding and high-grade mineralization parallels both F2 and F4 
fold axes in longitudinal projection. 
 
An empirical relationship exists whereby areas of more intense S3 and S4 foliation 
development in the F1 short-limb are coincident with areas of higher-grade 
mineralization.  
 
High-grade mineralization at George Fisher is constrained both in plunge and strike 
extent such that it occurs between ~600m and 1000m below surface.   Both F1 and F2 
folds are recognized at surface and weaker Zn-Pb-Ag mineralization occurs near surface.  
The high-grade mineralization at depth is interpreted to be related to the intersection of 
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the earlier folds with a discrete zone of higher D4 strain which does not outcrop at surface 
due to truncation by the Paroo Fault.  The kinematics during D4 are considered to have 
focussed dilation on the intersections between the F1 short-limb, F2, and F3 folds which 
were favourably oriented relative to the regional palaeostress field.   
 
3.  Application of fractal analysis to analysis of sphalerite microstructures 
A quantitative method of microstructural analysis has been developed to assist in 
determination of the extent of deformation and recrystallization in sphalerite ores in order 
to distinguish between those ore-types that may have formed earlier and later in the 
deformation history.  A relationship between the fractal dimension of sphalerite grain 
boundaries and the degree of deformation and recrystallization is recognized for samples 
deformed at temperatures between 200-300°C.  Undeformed, deformed, and 
recrystallized grains have mean fractal dimensions and 95% confidence intervals of 
1.0126 ± 5.5x10-3, 1.0948 ± 1.3x10-2, and 1.0485 ± 4.3x10-3 respectively.  The three 
categories of undeformed, deformed, and recrystallized sphalerite grains can be 
completely discriminated when grain diameter is plotted against fractal dimension on a 
log-normal plot.   
 
4.  Timing of mineralization types relative to the deformation history of the host-   
rocks 
Qualitative determination of the timing of both sphalerite and galena-dominant 
mineralization types within the deformation history has been determined from exposure 
and hand-specimen scale cross-cutting relations, and microstructural development.  The 
two dominant sources of Zn and Pb metal at the deposit, vein-hosted sphalerite and 
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medium-grained galena breccia, respectively; are interpreted to comprise only weakly 
deformed sulphides and contain clasts of host-rock and earlier remnant vein material 
which preserve more intense deformation.  This suggests that these mineralization types 
postdate a phase of more intense deformation, most likely D2. 
 
The deposit-scale distribution of the main ore types correlates with the location of ore 
shoots inferred to have formed during D4 and described in earlier stages of the study.  The 
inferred D4 timing is supported by the interpretation of dominantly syn-D4 vein-hosted 
sphalerite and medium-grained galena breccias.   
 
Mineralization types inferred to have formed pre- to syn-D2 include minor disseminated 
sphalerite and strongly deformed fine-grained sphalerite±galena breccia.  These potential 
pre-F2 mineralization types do not currently constitute economic mineralization and any 
pre-F2 proto-mineralization is therefore likely to have been sub-economic. 
 
Zn assay data suggests that more than one population of Zn grades exists and that a 
higher-grade population is unique to the economic ore-horizons.  This supports the 
interpretation of remobilization and upgrading of mineralization during D4.  However, 
this qualitative observation does not discriminate between upgrading of a pre-F2 or syn-
/post-F2 sulphide accumulation during D4. 
 
5.  Re-Os isotopic analysis of George Fisher Zn-Pb-Ag mineralization  
Sphalerite and galena mineralization types at George Fisher have the same Re-Os isotopic 
signature and are therefore interpreted to have a common source.  Eleven samples of 
 Travis Murphy, 2004                                                                                       _____                                                      
                                                                                                                                                  
________________________________________________________________________ 
386
mineralization from George Fisher define a linear trend which approximates an isochron.  
An age of 1423±130Ma has been derived from the isochron. The age estimate spans from 
~1553-1293Ma which incorporates D2 (1540Ma), D4 (1510Ma), and a period of post-
orogenic cooling dated at 1392±85Ma to 1482±52Ma.  Re-Os dating of the sulfides at 
George Fisher has therefore not achieved the level of accuracy required to distinguish 
between individual deformation events, different styles of mineralization inferred to have 
formed pre-/syn-D2 and syn-D4, and post-orogenic cooling but indicates that closure of 
the Re-Os isotopic system in the Zn and Pb sulphides significantly post-dates host-rock 
deposition. 
 
A mantle source for the Pb and Zn is indicated by the initial 187Os/188Os ratio of 
0.077±0.071.  This differs from other studies of Proterozoic Zn-Pb-Ag deposits in the 
Western Fold Belt which infer scavenging of metal from within the sedimentary basin or 
from the basement rocks immediately underlying the sedimentary basin.  Proximity to a 
regional fault zone such as the Mount Isa-Paroo Fault system, interpreted to be part of a 
fault-network linked to a major mid-crustal shear zone, is therefore considered necessary 
to bring metal-bearing fluids from depth into contact with prospective host-lithologies at 
George Fisher. 
 
6.  Implications for metallogenesis in the Western Fold belt 
Proximity to a major fault is a characteristic shared by all major Zn-Pb-Ag deposits in the 
Western Fold Belt.  A spatial coincidence also exists between deposits and broadly east-
west trending D1 faults and folds except at the Mt Isa deposit where more intense D4 
strain may have obscured earlier deformation features.  More intense D4 strain at Mt Isa is 
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associated with formation of the giant syntectonic Cu system adjacent to the Zn-Pb-Ag 
orebodies.  An apparent evolution of mineralization at George Fisher is inferred from Zn 
to Pb dominant however conditions have not been favourable for the later Cu dominant 
phase.  Sphalerite mineralization, which dominantly occurs as bedding-parallel 
replacement and micro-brecciation of veined layers, is interpreted to have occurred early 
in D4 when bedding reactivation dominated.  Later in D4, minor F4 fold development 
occurred and bedding reactivation proceeded to the extent that F2 – F4 folds are 
brecciated.  Galena mineralization occurs during this later phase of D4 deformation and in 
the waning stages of D4 where D4 folds themselves are brecciated.  D4 strain at George 
Fisher is comparatively weak and Cu mineralization occurs only at anomalous levels. 
 
The spatial coincidence of diagenetic carbonate alteration and Zn-Pb-Ag mineralization 
with the deposit-scale F1 fold at George Fisher suggests that this F1 fold has focussed 
fluid flow from diagenesis through to the D4 stage.   
 
At the George Fisher deposit it is apparent that the F1 fold which focussed diagenetic 
hydrothermal activity and alteration also acted as a heterogeneity focussing dilation and 
final sites of mineralization.  The F1 fold may be the upper level expression of a 
reactivated basement fault thereby accounting for the longevity of the hydrothermal 
system responsible for alteration and mineralization at George Fisher.  It is possible that 
diagenetic processes prepared the host-rock for later mineralization at George Fisher.   
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APPENDIX I 
 
Sample Catalogue 
JCU T.E.M. Location Analysis type 
Sample 
#
 
Sample # Description   X Y Z HS TS PS Re-Os EMP 
71937 1111-4 Mudstone with 
stylolitic seams 
 CN71, 
11Level 2217 7098 2780 X X       
71938 0512-3 foliated siltsone 739D X/C, 12C 2278 7397 2750 X X       
71939 1412-3 foliated siltsone 
with nodules 
FWD, 
11Level 2330 7115 2777 X X       
71940 1311-2 foliated siltsone 747D X/C, 13C 2260 7490 2687 X X       
71941 2810-1 foliated siltstone FWD, 12C 2308 7309 2747 X X       
71942 1012-6 
foliated siltstone 
with vein-hosted 
sphalerite 
739D 
X/C, 12C 2282 7402 2748 X X       
71943 1012-2 
foliated siltstone 
with vein-hosted 
sphalerite 
739D 
X/C, 12C 2286 7402 2748 X X       
71944 1012-3 
foliated siltstone 
with vein-hosted 
sphalerite 
739D 
X/C, 12C 2282 7402 2748 X X       
71945 1012-4 
foliated siltstone 
with vein-hosted 
sphalerite 
739D 
X/C, 12C 2282 7402 2748 X X       
71946 1012-5 
foliated siltstone 
with vein-hosted 
sphalerite 
739D 
X/C, 12C 2282 7402 2748 X X       
71947 1012-7 
foliated siltstone 
with vein-hosted 
sphalerite 
739D 
X/C, 12C 2282 7402 2748 X X       
71948 1012-8 
foliated siltstone 
with vein-hosted 
sphalerite 
739D 
X/C, 12C 2282 7402 2748 X X       
71949 H748EH1-5.45m 
vein-hosted 
sphalerite 
terminating on 
cross-cutting 
vein 
G 
orebody 2324 7480 2718 X   X     
71950 1311-6 
foliated siltstone 
with vein-hosted 
sphalerite 
733D 
X/C, 13C 2206 7346 2685 X X       
71951 960519-91.2m 
vein-hosted 
sphalerite 
G 
orebody 2343 7222 2729 X   X   X 
71952 2710-7 crenulated 
siltstone 
7200 
X/C, 
12Level 
2223 7203 2714 X X       
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71953 1311-14 foliated siltstone GN69, 13C 2232 7014 2684 X X       
71954 1311-10 crenulated 
siltstone 
719D 
X/C, 13C 2226 7210 2683 X X       
71955 0902-3 crenulated 
siltstone 
723DX/C, 
12Level 2215 7251 2716 X X       
71956 0103-1 vein-hosted 
sphalerite 
FWD, 
12Level 2326 7400 2718 X   X X   
71957 Silverspur sphalerite 
mineralization             X     
71958 Rammelsberg massive sulphide             X     
71959 los minas dos ingleses 
sphalerite crack-
infill in quartz             X     
71960 gf late vein 
vughy sphalerite 
infill in quartz-
carbonate vein 
        
    X     
71961 961233-80.8m 
deformed fine-
grained 
sphalerite-galena 
breccia 
G 
orebody 2496 7741 2790 X   X     
71962 2603-1 vein-hosted 
sphalerite 12C 2409 7410 2745 X   X     
71963 1212-1 vein-hosted 
sphalerite 12C 2359 7499 2750 X   X     
71964 J754WD1-220.15m 
vein-hosted 
sphalerite 
terminating on 
cross-cutting 
vein 
C 
orebody 2263 7560 2708 X   X     
71965 1311-5 
vein-hosted 
sphalerite with 
quartz-carbonate 
fibres 
737D 
X/C, 13C 2238 7386 2685 X X       
71966 3010-1 
vein-hosted 
sphalerite with 
quartz-carbonate 
fibres 
12Level 2388 7068 2731 X X       
71967 1311-7 vein-hosted 
sphalerite 
730D 
X/C, 13C 2215 7316 2684 X X       
71968 0203-3 
vein-hosted 
sphalerite 
heterogeneously 
developed 
around mesofold 
12Level 2331 7400 2717 X   X     
71969 1011-2 planar vein-hosted sphalerite 
737D 
X/C, 12C 2267 7345 2748 X   X     
71970 1011-7 
 vein-hosted 
sphalerite in fold 
zone 
737D 
X/C, 12C 2259 7345 2747 X   X     
71971 0803-1 massive 
sphalerite 12Level 2322 7401 2717 X   X     
71972 960436-296.5m 
sphalerite 
breccia   2152 7222 2624 X   X     
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71973 951033-221.05m 
sphalerite 
breccia 
G 
orebody 2209 7080 2586 X   X     
71974 2610-6 
disseminated 
sphalerite in 
fractures 
12C 2358 7304 2745 X X       
71975 960355-389.8m 
fine-grained 
sphalerite 
breccia 
A 
orebody 2412 7451 3076 X   X     
71976 0803-3 
medium-grained 
galena breccia 
with clasts of 
vein-hosted 
sphalerite 
739D 
X/C, 13C 2223 7387 2684 X     X   
71977 960817-256.6m 
medium-grained 
galena breccia 
cross-cutting 
vein-hosted 
sphalerite 
D 
orebody 2287 7751 2724 X         
71978 960932-178.7m 
medium-grained 
galena breccia 
cross-cutting 
vein-hosted 
sphalerite 
G 
orebody 2344 7663 2714 X         
71979 951033-319.65m 
medium-grained 
galena breccia 
C 
orebody 2119 7096 2551 X   X     
71980 2102-3 medium-grained galena breccia 
723D 
X/C, 
12Level 
2242 7245 2715 X   X     
71981 2602-2 
bedding-
discordant 
medium-grained 
galena breccia 
vein 
723D 
X/C, 
12Level 
2226 7246 2770 X   X     
71982 1302-2 medium-grained galena breccia 12Level 2217 7252 2770 X   X     
71983 960313-380.9m 
medium-grained 
galena breccia 
C 
orebody 2118 7240 2502 X   X     
71984 960436-289.6m 
foliated medium-
grained galena 
breccia 
D 
orebody 2158 7222 2626 X   X     
71985 0512-6 
folded sphalerite 
bands in 
medium-grained 
galena breccia 
720D 
X/C, 12C 2267 7208 2745 X         
71986 0412-1 
foliated medium-
grained galena 
breccia 
723D 
X/C, 12C 2269 7240 2746 X   X     
71987 960313-380.35m 
coarse-grained 
galena breccia 
C 
orebody 2118 7240 2502 X   X     
71988 1712-3 
coarse-grained 
galena-sphalerite 
breccia 
723D 
X/C, 12C 2265 7240 2746 X   X X   
71989 1112-6 
coarse-grained 
galena-sphalerite 
breccia 
12C 2275 7396 2748 X   X     
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71990 960533-322.3m 
fine-grained 
sphalerite 
breccia 
D 
orebody 2174 7362 2535 X     X   
71991 3101-1 
vein-hosted 
sphalerite 
breccia 
13C 2184 7175 2656 X     X   
71992 1115-5 medium-grained galena breccia 
 CN71, 
11Level 2217 7098 2780 X     X   
71993 960335-596m vein-hosted 
sphalerite 
G 
orebody 2512 7431 2898 X     X   
71994 960839-201.05m 
vein-hosted 
sphalerite 
D 
orebody 2244 7305 2734 X     X   
71995 0611-4 vein-hosted 
sphalerite 
742D 
X/C, 12C 2219 7415 2745 X     X   
71996 2610-5 vein-hosted 
sphalerite 12C 2334 7249 2721 X     X   
71997 2710-4 barren siltstone 12Level 2566 7249 2721 X     X   
71998 2710-10 barren siltstone 12B 2537 7403 2727 X     X   
 
X = Easting, Y = Northing, Z = R.L., HS = Hand specimen, TS = Thin-section,  
PS = polished thin-section, Re-Os = sample analyzed as part of Re-Os isotopic 
study, EMP = sample analyzed with electron microprobe
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APPENDIX II 
 
Structural Data 
THIN SECTION MEASUREMENTS 
Sample S0 S1 S2 S3 S4 S5 S6 
  dip dipdir dip dipdir dip dipdir Int dip dipdir Int dip dipdir Int dip dipdir Int dip dipdir Int 
1512-1 34 253 73 190 66 268 w 32 148 cw 81 290 cw             
0902-3 19 270     40 258 s 29 119 cs 82 280 cs             
0312-1 71 277     60 265 m 16 314 icw 88 108 sw             
1412-4 60 283     69 256 m 10 231 cm 64 125 cw             
3011-1 57 266     73 262 w 8 36 cm 70 115 cm             
1512-2 65 287     68 217 w                         
1512-3 50 270     60 246 w 17 345 sw 86 94 sw             
0512-2 51 270     61 280 w                         
0312-2 60 261     76 245 m 30 W cw 84 280 sw             
1412-3 59 294     64 240 m 36 344 icw 89 265 sm             
0512-3 43 273     78 253 s 28 157 sw 88 89 sw             
1012-3 67 266     45 254 s 26 325 icw                   
1012-4 81 76     36 261 w 26 334 icw                   
1012-5 1 160     44 250 s                         
1012-6 28 283     46 248 m 14 W icw 84 277 icw             
1012-7 18 281     42 270 s 53 E icm                   
1012-8 73 96     83 253 m                         
0512-1 55 264     64 244 w 5 69 icw 88 292 icw             
1803-2 60 39     54 246 s                         
1212-2         71 228 s                         
1203-4 40 289     61 249 m                         
2510-1 69 286     88 260 m       83 122 sw             
2510-2 74 259     86 252 m                         
2510-3 70 267     90 250 m                         
2510-4 60 254     67 260 m       78 294 sm             
2510-5 58 270     89 74 w                         
2510-6 48 300     79 276 w                         
2510-7 58 269     84 254 w                         
2610-1 33 260     71 257 s                         
2610-2 62 270     70 253 m                         
2610-3 48 226     75 213 w                         
2610-4 52 289     68 270 m                         
2610-5 38 247     71 285 m                         
2610-6 43 270 75 330 77 248 m                         
2610-7 64 210     80 260 w                         
2610-8 22 335     60 256 m                         
2610-9 40 253     73 112 w                         
2610-10 37 254     63 242 m                         
2610-11 65 271     83 259 m                         
2710-1 42 253     77 238 m                         
2710-2 78 268     65 76 m                         
2710-3 63 280     80 284 s                         
2710-4 60 275     87 280 s                         
2710-5 59 234     75 246 s                         
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2810-1 42 270     71 273 m                         
2810-3 37 254     63 273 w 24 139 icw 84 98 icw             
2710-10 41 251     66 232 m                         
2710-11 43 284     67 260 w                         
2710-12 43 269     66 232 w                         
2710-13 41 287     68 260 m       63 90 sm             
1311-1 57 283     67 277 m 28 303 sw                   
1311-2 48 250     67 270 m                         
1311-13 76 250     83 79 w                         
1311-14 70 250     90 241 m                         
1311-12 62 246     78 236 m                         
1311-3 56 284     68 270 w                         
1311-4 52 277     83 257 w       65 114 sm             
1311-5 69 276     83 266 w                         
1311-6 56 227     72 218 m 36 162 cm 71 104 cm             
1311-7 65 269     80 278 m 15 150 cm 54 119 cm             
1311-8 48 309     78 240 m                         
1311-9 24 253     45 248 m 51 141 cs 78 290 cw             
1311-10 34 260     59 244 m 36 158 cs 80 100 cs 56 131 cw 89 321 cs 
2910-7 79 252     85 67 m 13 180 cs 56 98 cs 54 337 cw       
2710-7 43 258     60 251 m 42 150 cs 70 100 cs 12 W cm       
2710-6 56 294     67 268 w 8 146 icw 72 112 icw             
2610-12 67 292     74 95                           
2610-13 71 280     80 81                           
2910-4 65 281     80 86                           
1203-1 86 294     73 88                           
3010-1 76 275     78 71                           
3010-2 57 272     74 74                           
3010-3 54 280     88 92                           
3010-4 61 273     84 80                           
2910-5 56 262     80 260                           
2910-8 58 262     80 236                           
2910-2 47 252     59 249   37 116   66 96               
3010-5 62 292     76 274                           
3010-6 80 96     63 79   63 330                     
3010-7 80 274     72 60   51 288   16 71               
3010-8 45 275     63 246                           
2810-4 55 323     87 93                           
2810-6 62 295     80 270                           
2810-7 53 312     77 231                           
2810-8 50 296     86 256                           
2810-9 53 258     77 250                           
2810-5 46 273     63 260                           
2810-10 51 264     73 251                           
2810-11 50 275     77 254                           
2710-9 68 259     87 253                           
2910-1 56 276     78 252                           
0411-2 43 271     66 248   20 132   82 108               
 
dipdir = dip direction, Int. = relative intensity of foliation (w, weak; m, moderate; s, strong; and 
prefixes: s, seamy; ic, incipient crenulation; c, crenulation)
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MAPPING MEASUREMENTS 
S0 F2 F3 F4 Late Kinks 
dip dipdir dip dipdir dip dipdir pl. pl.dir. dip dipdir pl. pl.dir. dip dipdir pl. pl.dir. dip dipdir pl. pl.dir. 
25 263 60 262 74 279 42 184 14 249 - - 84 94 - - 34 320 28 246 
16 261 58 287 51 265 55 314 19 188 - - 83 95 35 357 55 171 32 238 
34 245 62 275 70 255 41 335 10 185 10 185 82 276 14 190 75 200 46 280 
77 259 59 265 65 257 30 352 33 105 15 185 85 110 38 183 59 126 26 215 
59 276 66 277 35 239 35 324 30 94 18 185 85 91 2 173 64 110 5 11 
50 245 59 268 66 250 40 151 10 182 10 170 89 260 48 179 58 164 64 225 
40 256 59 280 88 79 12 9 25 115 25 17 72 295 35 14 70 185 47 273 
26 226 60 265 76 249 37 344 19 0 25 354 89 89 - - 87 183 66 276 
42 278 60 278 70 54 29 320 21 323 11 4 82 104 49 198 83 193 60 277 
25 279 66 292 64 274 24 4 17 9 19 342 83 105 44 308 60 211 60 255 
50 284 61 273 58 292 50 207 34 18 36 354 84 90 - - 88 28 61 294 
62 254 52 280 65 300 23 221 29 86 30 0 85 120 26 220 50 217 55 218 
55 277 42 254 57 266 0 348 37 85 10 356 84 286 13 195 89 147 38 234 
66 275 41 253 76 279 49 213 44 14 30 318 89 95 34 8         
49 158 44 258 77 276 30 9 17 307 18 324 84 262 5 350         
20 240 46 284 35 283 12 202 0 204 29 288 86 267 6 180         
68 242 57 295 10 82 10 170 12 349 16 345 89 103 18 194         
67 269 64 257 80 285 16 12 10 260 12 332 88 125 42 227         
27 256 50 270 60 267 20 347 10 252 10 158 76 105 14 24         
65 292 37 263 60 305 3 358 11 89 5 172                 
38 270 40 265 69 294 31 348 10 84 5 181                 
51 270 35 250 76 290 37 14 10 252 10 166                 
67 278 43 282 66 263 19 5 5 104 10 190                 
42 283 50 267 76 243 33 333 20 206 20 206                 
72 275 60 223 30 228 31 305 20 319 20 319                 
25 258 50 263 60 285 19 347                         
40 306 54 246 64 247 52 322                         
70 277 43 279 60 231 40 320                         
38 252 34 268 83 240 35 322                         
54 56 39 253 72 222 48 301                         
89 248 30 232 80 257 15 174                         
85 95 34 258 33 260 10 175                         
72 274 47 237 74 259 20 164                         
35 272 58 262 65 256 11 349                         
84 134 48 275 73 273 20 3                         
49 260 48 286 64 267 38 342                         
59 262 44 275 64 258 63 313                         
46 238 49 263 55 243 25 328                         
52 278 56 280 78 289 7 14                         
58 248 34 253 30 282 10 13                         
42 261 19 270 49 243 22 313                         
65 273 71 277 18 272 10 357                         
59 263 60 283 53 260 28 338                         
64 263 57 266 53 254 12 172                         
50 260 65 287 46 250 17 323                         
58 287 50 270 27 240 17 323                         
32 277 51 270 63 238 17 325                         
65 263 60 261 73 247 20 335                         
69 88 59 294 66 240 37 310                         
56 284 43 273 70 262 35 340                         
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78 274 67 266 84 236 39 320                         
30 308 81 76 63 284 27 357                         
42 280 1 160 55 283 26 354                         
44 274 28 283 64 288 33 1                         
59 269 18 281 42 250 25 190                         
46 260 73 96 33 237 17 303                         
30 260 55 264 72 256 39 341                         
34 255 60 39 49 255 31 313                         
76 241 40 289 34 277 41 352                         
60 260 69 286 35 261 10 322                         
48 267 74 259 43 268 24 354                         
39 271 70 267 60 260 15 336                         
40 282 60 254 77 273 15 194                         
41 276 58 270 21 273 23 336                         
68 347 48 300 44 273 12 4                         
54 264 58 269 46 286 10 205                         
47 275 33 260 44 236 37 202                         
48 261 62 270 59 225 55 294                         
76 268 48 226 57 278 20 358                         
61 287 52 289 61 262 20 201                         
84 265 38 247 72 258 20 340                         
58 287 43 270 65 257 30 328                         
65 261 64 210 56 260 17 190                         
52 276 22 335 54 267 7 356                         
77 292 40 253 65 285 50 338                         
72 273 37 254 75 245 20 323                         
66 280 65 271 75 260 17 345                         
48 268 42 253 72 260 24 338                         
64 265 78 268                                 
48 281 63 280                                 
48 263 60 275                                 
45 263 59 234                                 
59 265 42 270                                 
56 256 37 254                                 
61 290 41 251                                 
50 255 43 284                                 
35 247 43 269                                 
50 252 41 287                                 
50 265 57 283                                 
57 269 48 250                                 
55 264 76 250                                 
61 273 70 250                                 
56 262 62 246                                 
58 262 56 284                                 
47 252 52 277                                 
62 292 69 276                                 
80 96 56 227                                 
80 274 65 269                                 
45 275 48 309                                 
55 323 24 253                                 
62 295 34 260                                 
53 312 79 252                                 
50 296 43 258                                 
53 258 56 294                                 
46 273 67 292                                 
51 264 71 280                                 
50 275 65 281                                 
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68 259 86 294                                 
56 276 76 275                                 
43 271 57 272                                 
    54 280                                 
 
dipdir = dip direction, pl. = plunge of fold axes, pl.dir. = direction of plunge of fold axes. 
 
Fault Slickensides 
Type 
dip dipdir pitch pitch dir. 
Observations 
87 168 10 e   
77 196       
80 202     south-block-up drag 
64 182 90   
  
37 210 85 e 
  
70 195     south-block-up drag 
83 195     truncated by bedding-parallel shear 
66 185       
74 196 10 w 10cm gouge, north-block-up and west 
78 168 25 sw earlier ss 
78 168 42 ne later ss 
ea
st
-
w
es
t s
tri
ki
n
g 
fa
u
lts
 
85 142       
62 294 75 s   
87 146       
86 143 26 ne north-block-down and east 
83 329       
86 326 24 ne   
74 335       
68 340 30 ne north-block-down and east 
70 338 60 w   
64 340       
70 340 75 ne drag indicates north-block-down 
68 308 70 sw   
74 309       
68 343 80 ne   
79 345 5 ne drag indicates strike-slip 
76 322     
  
80 298 72 w stepping indicates north-block-east 
82 122 25 sw   
87 313 19 ne   
89 322       
77 303 70 sw   
84 333       
85 325 2 ne   
89 305       
80 312     north-block-down and east 
n
o
rth
ea
st
 
st
rik
in
g 
 
fa
u
lts
 
84 145     north-block-down and east 
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72 315        
87 320       
78 135     reverse drag, east-side-up 
73 144 7 sw   
89 105       
82 106 60 sw   
81 299 43 n   
82 292 30 nne east-block-down and north? 
65 60 5 n   
81 74       
88 134 10 s   
78 123 5 s   
71 131       
83 111       
80 104     
 east-block-up 
78 75 87 ne 
 east-block-up 
No
rth
-
n
o
rth
ea
st
 
st
rik
in
g 
 
fa
u
lts
 
89 108 85 ne   
48 227 90     
64 224 75 w   
57 220 85 w   
57 220 5 w   No
rth
w
es
t  
 
st
rik
in
g 
63 220 61 s   
60 267 40 s   
59 275     folding and veining indicate reverse movement 
Be
dd
in
g-
 
pa
ra
lle
l 
56 284       
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APPENDIX III 
 
Electron Microprobe Analyses 
  defd defd defd defd defd defd defd defd defd defd defd defd 
  
Vein 
1 
Vein 
2 
Vein 
3 
Vein 
4 
Vein 
5 
Vein 
6 
Vein 
7 
Vein 
8 
Vein 
9 
Vein 
10 
Vein 
11 
Vein 
12 
SiO2 0.35 0.42 0.36 0.62 0.31 0.46 0.65 0.33 0.33 0.37 0.21 0.47 
TiO2 0.06 0.01 0 0 0.01 0.01 0.05 0 0 0 0 0.05 
Al2O3 0 0 0 0.27 0 0.19 0 0 0.04 0 0.5 0.16 
FeO 4.92 6.81 5.06 4.34 5.47 8.41 7.93 7.75 7.95 4.7 7.98 7.14 
MnO 1.46 1.83 1.45 1.53 1.24 1.79 1.6 1.77 1.55 1.32 1.38 1.45 
MgO 16.19 15.25 16.51 17.72 16.51 14.79 13.55 14.7 14.84 17.49 16.68 15.1 
CaO 27.41 27.62 28.57 28.16 28.32 29.03 27.69 28.03 27.62 28.19 29.63 28.02 
Na2O 0 0 0 0 0 0 0 0 0 0 0 0 
K2O 0 0.07 0 0.05 0.04 0.04 0 0 0.01 0.11 0.09 0 
Cl 0 0 0.04 0.03 0 0.02 0 0.03 0 0 0.02 0.02 
TOTAL 50.38 52.01 51.99 52.73 51.9 54.74 51.49 52.61 52.35 52.18 56.48 52.41 
  late late late late late late late late late late late late 
  vein vein vein vein vein vein vein vein vein vein vein vein 
  1 2 3 4 5 6 7 8 9 10 11 12 
SiO2 0.33 0.67 0.58 0.44 0.44 0.51 0.3 0.5 0.36 0.35 0.47 0.47 
TiO2 0.16 0 0 0 0 0.01 0 0 0 0 0 0 
Al2O3 0.05 0.22 0.43 0 0.12 0.04 0.16 0.22 0.07 0 0 0 
FeO 0.17 0.47 0.07 0.24 0.76 0.11 0.31 0.47 0.21 0 0.15 0.43 
MnO 0.3 0.1 0.97 0.35 0.35 0.67 0.24 0.56 0.76 0.39 0.39 0.48 
MgO 0.05 0.24 0.28 0.12 0.09 0.04 0.1 0.07 0.32 0.14 0 0 
CaO 58.19 57.77 56.02 56.39 55.88 55.79 55.76 54.04 54.81 55.44 56.75 56.14 
Na2O 0 0.01 0 0.05 0 0 0 0.16 0 0 0 0.07 
K2O 0 0 0.02 0.02 0 0 0 0 0.05 0.01 0.04 0 
Cl 0.06 0 0.11 0 0.12 0.02 0 0 0.03 0.09 0.1 0.17 
TOTAL 59.32 59.47 58.48 57.61 57.76 57.2 56.87 56.01 56.61 56.42 57.9 57.76 
  
min min min min min min min min min min min min 
  
vein vein vein vein vein vein vein vein vein vein vein vein 
  
1 2 3 4 5 6 7 8 9 10 11 12 
SiO2 0.18 0.59 0.52 0.27 0.34 0.64 0 0 0.34 1.65 0 0 
TiO2 0.01 0 0.07 0.03 0 0 0.08 0.09 0 0 0.01 0 
Al2O3 0 0 0.11 0 0.16 0 0 0 0.15 1.13 0 0 
FeO 0 0.59 0.99 5.7 1.2 0.08 0.52 0.49 1.04 0.25 0.16 0 
MnO 0.17 0.46 0.53 1.23 0.12 0.03 0 0 0.12 0.29 0 0.03 
MgO 0 0.33 0.97 15.26 2.03 0 0 0 2.34 0 0 0.16 
CaO 54.55 55.76 49.25 27.58 52.71 51.74 51.59 51.54 49.19 50.23 52.38 53.27 
Na2O 0 0 0 0 0 0 0 0 0 0 0 0.32 
K2O 0.07 0 0.05 0.03 0 0.02 0.25 0.24 0.11 0.47 0 0.15 
Cl 0 0.16 0.05 0.04 0 0 0 0 0.01 0 0 0.09 
TOTAL 54.99 57.88 52.54 50.13 56.57 52.51 52.44 52.37 53.31 54.02 52.56 54.02 
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  hr hr hr hr hr 
  2 3 4 5 6 
SiO2 33.03 31.08 44.29 35.7 46.83 
TiO2 0.22 0.37 0.13 0.26 0.27 
Al2O3 6.58 5.74 4.83 8.89 9.9 
FeO 3.78 2.92 2.85 3.67 2.37 
MnO 0.59 0.81 0.64 0.68 0.48 
MgO 8.7 9.62 7.71 8.56 5.88 
CaO 15.79 16.85 14.04 14.75 10.37 
Na2O 0 0 0 0 0 
K2O 3.14 2.6 2.26 3.44 4.47 
Cl 0 0 0 0.04 0 
TOTAL 71.83 69.99 76.76 75.99 80.57 
 
defd vein = deformed vein, min vein = vein-hosted sphalerite mineralization, late vein = 
youngest vein cross-cutting all earlier vein types, hr = host-rock 
 
 
Location of probe analyses (Refer to Part A - Figure 19).
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APPENDIX IV 
 
(a) Fractal Method 
Some of the following steps taken in the fractal analysis are specific to equipment used at 
JCU or certain software, however the following is intended as a general guide for users of 
other equipment and software also: 
 
• Digital photomicrograph taken at 50x magnification and opened in Corel Draw 
• Set scale (1.2628:1) and check that the long axis of the image is 280µm  
• Digitize the grain boundary in 1µm segments using a dark grey 0.1pt line 
• Draw a scale bar (10µm long) and position in top left hand corner of area to be 
exported and close as possible to the digitized boundary 
• To minimize the pixel area it may be necessary to drag the boundary and scale bar to 
~ 1000,0. 
• Export the selected boundary and scale bar only, at 1000dpi and greyscale to the 
desktop as a .TIF file 
• Split boundary into several segments and export individually if large (i.e. >25mb once 
exported) 
• Open in Scion (NIH) 
 
• Set scale by selecting and digitizing a straight line across the 
scale bar 
 
• Go to analyze > set scale and set unit to micron.  In ‘known distance’ enter 10 
• Digitize a line across the scale bar to check the measurement (10µm) in the 
information window 
• Zoom to ~ 8x/16x  
• Draw a 0.25µm line at the start of the line as a gauge for digitizing points 
• Copy measurements to an Excel spreadsheet after every 100 points, do not exceed 256 
• Reset measurements after copying to Excel 
• Leave the first row blank in Excel 
• Open fractal program (written by T. Blenkinsop) and run in visual basic in Excel.  At 
the relevant place in the program the script should be either ‘chord’ or an estimate of 
the diameter of the grain (in µm) if a closed polygon has been used. 
• Plot a scatterplot of columns f vs g and j vs k 
• Change data points to size 2 
• Set Y-scale minimum to 0 
• Determine fractal limits to the data by visually fitting a straight line 
• Using Tools > Data Analysis, preform regression of the data (columns f and g) 
between these limits 
• Repeat for reverse data (column j and k) 
• The x-variable coefficient is the gradient of the data and add 1 to calculate the Fractal 
Dimension (D) 
• The forward and reverse calculations are averaged to give the final result for D 
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(b) Data from Fractal Analysis  
Sample D 95% Conf. Interval R Std Error 
Coast 
line Error 
Lower 
fractal 
limit 
Upper 
fractal 
limit 
Diam-
eter 
No. of 
points 
Interpret-
ation 
  
          µm µm µm     
gf_late_1 1.0057 (1.0071,1.0181) -0.92 2.2E-04 1.1E-04 1.00 31.75 980.0 3783 undef 
gf_late_2 1.0189 (1.0071,1.0181) -0.94 6.0E-04 1.2E-04 1.00 31.75 806.0 4644 undef 
ertsberg_1 1.0192 (1.0071,1.0181) -0.95 5.6E-04 4.5E-04 1.00 31.75 840.0 3044 undef 
ertsberg_2 1.0255 (1.0071,1.0181) -0.97 5.5E-04 4.2E-04 1.00 31.75 193.5 2915 undef 
brazil_1 1.0049 (1.0071,1.0181) -0.93 9.6E-05 5.9E-05 1.00 100.00 2200.0 6068 undef 
brazil_2 1.0048 (1.0071,1.0181) -0.93 1.0E-04 3.0E-05 1.00 100.00 982.0 4782 undef 
welcome_1 1.0102 (1.0071,1.0181) -0.96 2.5E-04 6.5E-06 1.00 31.75 570.0 4635 undef 
welcome_2 1.0078 (1.0071,1.0181) -0.98 8.6E-05 3.4E-04 1.00 100.00 4223.0 8776 undef 
welcome_3 1.0089 (1.0071,1.0181) -0.97 1.1E-04 3.1E-04 1.00 100.00 1690.0 3763 undef 
mtmuro_1 1.0066 (1.0071,1.0181) -0.89 3.1E-04 1.9E-04 1.00 31.75 565.0 3215 undef 
mtmuro_2 1.0257 (1.0071,1.0181) -0.89 1.2E-03 6.0E-05 1.00 100.00 388.5 1926 undef 
  
                  
  
gf_0103_1_bv 1.0342 - -0.91 1.4E-03 1.7E-03 1.00 31.75 125.0 863 undef/wk 
gf_0103_1_bv_2 1.0308 - -0.93 1.0E-03 1.9E-03 1.00 31.75 81.5 615 undef/wk 
  
                  
  
silverspur_1_a 1.0303 (1.0463,1.0557) -0.93 2.0E-03 7.3E-04 1.00 10.00 25.0 366 recrys 
silverspur_1_b 1.0266 (1.0463,1.0557) -0.89 2.5E-03 4.9E-04 1.00 8.75 25.0 376 recrys 
silverspur_1_c 1.0172 (1.0463,1.0557) -0.83 2.1E-03 1.2E-04 1.00 8.75 28.0 406 recrys 
silverspur_1_d 1.0241 (1.0463,1.0557) -0.82 3.2E-03 1.6E-04 1.00 7.75 20.0 288 recrys 
silverspur_2_p 1.0500 (1.0463,1.0557) -0.79 6.8E-03 1.5E-03 1.00 10.00 18.5 271 recrys 
silverspur_2_q 1.0465 (1.0463,1.0557) -0.85 4.9E-03 1.7E-04 1.00 10.00 18.5 258 recrys 
silverspur_2_r 1.0469 (1.0463,1.0557) -0.88 4.3E-03 4.2E-04 1.00 10.00 19.0 273 recrys 
silverspur_2_s 1.0216 (1.0463,1.0557) -0.82 2.4E-03 1.3E-03 1.00 10.00 23.0 341 recrys 
mtmolloy_1_q 1.0644 (1.0463,1.0557) -0.82 1.0E-02 1.4E-02 1.00 8.75 12.0 160 recrys 
mtmolloy_1_r 1.0610 (1.0463,1.0557) -0.84 7.2E-03 7.8E-03 1.00 7.00 12.0 166 recrys 
mtmolloy_1_u 1.0450 (1.0463,1.0557) -0.84 6.0E-03 5.3E-03 1.00 5.75 13.5 152 recrys 
mtmolloy_2_p 1.0221 (1.0463,1.0557) -0.81 2.5E-03 1.4E-03 1.00 10.00 35.5 339 recrys 
mtmolloy_2_q 1.0224 (1.0463,1.0557) -0.87 2.2E-03 8.6E-04 1.00 10.00 32.0 341 recrys 
rammelsberg_1_p 1.0794 (1.0463,1.0557) -0.81 1.2E-02 9.8E-03 1.00 6.00 11.0 140 recrys 
rammelsberg_1_q 1.0750 (1.0463,1.0557) -0.77 1.4E-02 1.3E-02 1.00 4.75 11.0 127 recrys 
rammelsberg_1_r 1.0535 (1.0463,1.0557) -0.88 5.5E-03 1.1E-02 1.00 5.50 12.5 132 recrys 
rammelsberg_1_s 1.0602 (1.0463,1.0557) -0.84 6.7E-03 1.5E-03 1.00 10.00 14.0 194 recrys 
rammelsberg_1_t 1.0631 (1.0463,1.0557) -0.85 9.0E-03 4.4E-03 1.00 6.75 13.0 157 recrys 
rammelsberg_1_u 1.0528 (1.0463,1.0557) -0.87 5.3E-03 3.5E-03 1.00 10.00 18.0 221 recrys 
ramms_recryst_in_strshad_
p 1.0338 (1.0463,1.0557) -0.92 2.4E-03 4.8E-04 1.00 10.00 22.0 301 recrys 
ramms_recryst_in_strshad_
q 1.0316 (1.0463,1.0557) -0.94 1.9E-03 9.3E-04 1.00 11.25 23.5 288 recrys 
ramms_recryst_in_strshad_
r 
1.0365 (1.0463,1.0557) -0.80 6.2E-03 2.1E-03 1.00 5.50 14.0 178 recrys 
ramms_recryst_in_strshad_
s 1.0627 (1.0463,1.0557) -0.95 4.8E-03 1.4E-03 1.00 6.25 20.0 231 recrys 
ramms_recryst_in_strshad_
t 1.0602 (1.0463,1.0557) -0.89 6.2E-03 3.9E-03 1.00 6.50 12.5 159 recrys 
ramms_recryst_in_strshad_
u 
1.0379 (1.0463,1.0557) -0.89 3.5E-03 2.7E-03 1.00 10.00 19.0 212 recrys 
ramms_dyn_recrys_p 1.0564 (1.0463,1.0557) -0.89 5.1E-03 4.8E-03 1.00 7.75 12.0 143 recrys 
ramms_dyn_recrys_q 1.0725 (1.0463,1.0557) -0.90 8.7E-03 5.7E-03 1.00 5.75 13.0 142 recrys 
ramms_dyn_recrys_r 1.0714 (1.0463,1.0557) -0.90 8.8E-03 4.3E-03 1.00 5.75 14.0 177 recrys 
ramms_dyn_recrys_s 1.0658 (1.0463,1.0557) -0.86 9.7E-03 3.3E-03 1.00 5.75 16.0 185 recrys 
ramms_dyn_recrys_t 1.0634 (1.0463,1.0557) -0.90 7.2E-03 3.1E-03 1.00 6.00 14.5 179 recrys 
ramms_dyn_recrys_u 1.0349 (1.0463,1.0557) -0.87 4.2E-03 5.3E-04 1.00 7.00 13.0 154 recrys 
gf_recrys_away_from_shear
_a 1.0371 (1.0463,1.0557) -0.92 2.0E-03 2.9E-03 1.00 15.00 48.0 684 recrys 
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gf_recrys_away_from_shear
_b 1.0362 (1.0463,1.0557) -0.85 2.9E-03 1.1E-03 1.00 15.75 30.5 411 recrys 
gf_recrys_away_from_shear
_c 1.0299 (1.0463,1.0557) -0.86 3.7E-03 1.3E-03 1.00 7.75 20.5 275 recrys 
gf_recrys_adjacent_to_shea
r_p 1.0359 (1.0463,1.0557) -0.84 3.6E-03 6.7E-04 1.00 11.25 20.0 286 recrys 
gf_recrys_adjacent_to_shea
r_q 1.0514 (1.0463,1.0557) -0.91 5.0E-03 1.9E-03 1.00 6.50 15.5 191 recrys 
gf_recrys_adjacent_to_shea
r_r 
1.0508 (1.0463,1.0557) -0.86 5.5E-03 2.4E-03 1.00 10.00 16.0 194 recrys 
gf_recrys_adjacent_to_shea
r_s 1.0371 (1.0463,1.0557) -0.73 8.2E-03 2.4E-03 1.00 5.25 10.0 128 recrys 
gf_recrys_adjacent_to_shea
r_t 1.0644 (1.0463,1.0557) -0.66 1.8E-02 6.6E-03 1.00 4.75 12.5 172 recrys 
gf_recrys_adjacent_to_shea
r_u 
1.0342 (1.0463,1.0557) -0.75 4.6E-03 7.5E-03 1.00 8.00 17.5 236 recrys 
gf_recrys_adjacent_to_shea
r_v 
1.0611 (1.0463,1.0557) -0.86 6.9E-03 3.3E-03 1.00 9.25 16.0 196 recrys 
gf_dyn_recrys_p 1.0531 (1.0463,1.0557) -0.85 6.2E-03 1.3E-03 1.00 7.75 14.0 216 recrys 
gf_dyn_recrys_q 1.0573 (1.0463,1.0557) -0.85 8.6E-03 1.3E-03 1.00 5.50 11.5 162 recrys 
gf_dyn_recrys_r 1.0393 (1.0463,1.0557) -0.92 2.8E-03 1.2E-03 1.00 10.00 24.5 349 recrys 
gf_dyn_recrys_s 1.0607 (1.0463,1.0557) -0.77 1.1E-02 4.0E-03 1.00 6.25 13.0 174 recrys 
gf_dyn_recrys_t 1.0581 (1.0463,1.0557) -0.91 5.0E-03 7.6E-04 1.00 7.75 14.0 192 recrys 
gf_dyn_recrys_u 1.0468 (1.0463,1.0557) -0.91 3.6E-03 1.6E-03 1.00 11.25 19.5 259 recrys 
gf_dyn_recrys_v 1.0532 (1.0463,1.0557) -0.92 5.8E-03 7.0E-03 1.00 5.75 12.0 167 recrys 
gf_dyn_recrys_w 1.0511 (1.0463,1.0557) -0.86 5.8E-03 1.7E-03 1.00 8.00 17.0 261 recrys 
gf_dyn_recrys_x 1.0655 (1.0463,1.0557) -0.93 6.2E-03 2.4E-03 1.00 6.25 13.5 192 recrys 
gf_dyn_recrys_y 1.0589 (1.0463,1.0557) -0.74 1.7E-02 4.6E-03 1.00 4.25 10.0 126 recrys 
gf_dyn_recrys_z 1.0506 (1.0463,1.0557) -0.89 5.3E-03 3.2E-04 1.00 7.25 18.5 254 recrys 
  
                  
  
mtmolloy_1_v 1.1066 - -0.91 7.9E-03 5.7E-03 1.00 10.00 25.0 423 recrys>def 
mtmolloy_1_w 1.0458 - -0.95 2.5E-03 2.0E-03 1.00 10.00 29.5 327 recrys>def 
mtmolloy_1_x 1.0904 - -0.93 7.1E-03 4.0E-04 1.00 7.50 12.5 150 recrys>def 
mtmolloy_1_y 1.0641 - -0.87 6.1E-03 9.4E-04 1.00 10.00 18.5 241 recrys>def 
mtmolloy_1_s 1.1122 - -0.96 5.8E-03 4.2E-04 1.00 10.00 19.0 240 recrys>def 
mtmolloy_1_t 1.1449 - -0.93 1.1E-02 1.3E-02 1.00 10.00 19.5 333 recrys>def 
mtmolloy_1_p 1.0610 - -0.91 4.5E-03 1.4E-03 1.00 10.00 22.5 249 recrys>def 
gf_961233_4_dr_h 1.0491   -0.91 3.8E-03 7.9E-04 1.00 10.00 25.0 346 recrys>def 
gf_961233_4_dr_i 1.0725   -0.93 5.6E-03 4.2E-03 1.00 9.00 21.0 341 recrys>def 
gf_961233_4_dr_j 1.0686   -0.96 4.0E-03 8.9E-04 1.00 8.25 21.5 286 recrys>def 
gf_961233_4_dr_k 1.0892   -0.94 5.8E-03 1.3E-03 1.00 9.00 27.0 408 recrys>def 
gf_961233_4_dr_l 1.1042   -0.94 7.6E-03 1.2E-03 1.00 7.75 21.5 283 recrys>def 
  
                  
  
Clark_and Kelly_1973_a 1.1713 (1.0816,1.1080) -0.95 1.0E-02 1.1E-02 1.00 10.00 340.0 522 defd 
Clark_and Kelly_1973_b 1.1730 (1.0816,1.1080) -0.97 3.8E-03 3.7E-04 1.00 31.75 340.0 1521 defd 
mtmolloy_1_a 1.0768 (1.0816,1.1080) -0.99 1.1E-03 2.1E-04 1.00 31.75 185.5 3871 defd 
mtmolloy_1_b 1.1145 (1.0816,1.1080) -0.95 6.2E-03 6.9E-03 1.00 10.00 76.0 521 defd 
mtmolloy_2_a 1.1107 (1.0816,1.1080) -0.98 1.5E-03 2.5E-03 1.00 63.25 201.0 1505 defd 
mtmolloy_2_b 1.0836 (1.0816,1.1080) -0.97 3.3E-03 6.8E-05 1.00 10.00 201.0 1112 defd 
mtmolloy_2_c 1.0883 (1.0816,1.1080) -0.94 2.9E-03 1.7E-03 1.00 31.75 254.0 1068 defd 
mtmolloy_3_a 1.0921 (1.0816,1.1080) -0.94 5.5E-03 1.3E-03 1.00 10.00 50.0 993 defd 
mtmolloy_3_b 1.0975 (1.0816,1.1080) -0.95 2.9E-03 2.9E-03 1.00 31.75 70.0 1180 defd 
mtmolloy_4 1.0625 (1.0816,1.1080) -0.95 1.6E-03 2.2E-03 1.00 40.75 80.0 1184 defd 
rosebery 1.0755 (1.0816,1.1080) -0.97 9.9E-04 1.8E-03 1.00 100.00 266.0 3482 defd 
silverspur_2_a 1.0707 (1.0816,1.1080) -0.89 4.5E-03 5.1E-03 1.00 19.25 113.5 915 defd 
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961233_1_a 1.0891 (1.0816,1.1080) -0.98 1.7E-03 2.0E-03 1.00 31.75 105.5 2425 defd 
961233_2_a 1.1391 (1.0816,1.1080) -0.96 7.1E-03 8.3E-04 1.00 10.00 45.0 1048 defd 
961233_3_a 1.0928 (1.0816,1.1080) -0.98 1.9E-03 1.1E-03 1.00 31.75 117.0 2430 defd 
961233_4 1.1116 (1.0816,1.1080) -0.96 5.4E-03 9.1E-04 1.00 10.00 75.0 1838 defd 
rammelsberg_1_a 1.1137 (1.0816,1.1080) -0.96 3.3E-03 4.2E-04 1.00 25.25 55.5 1049 defd 
gf_defgrain_away_from_she
ar 1.0645 (1.0816,1.1080) -0.93 2.4E-03 7.5E-04 1.00 31.75 180.5 2665 defd 
gf_defgrain_adjacent_to_sh
ear_a 1.1013 (1.0816,1.1080) -0.94 3.3E-03 2.9E-03 1.00 31.75 148.0 3061 defd 
gf_defgrain_adjacent_to_sh
ear_b 1.0780 (1.0816,1.1080) -0.93 3.4E-03 3.8E-03 1.00 22.00 52.0 847 defd 
rammelsberg_dyn_recryst_
a 1.0698 (1.0816,1.1080) -0.95 3.5E-03 3.7E-03 1.00 12.00 38.5 506 defd 
rammelsberg_dyn_recryst_
b 1.0576 (1.0816,1.1080) -0.95 2.6E-03 2.2E-04 1.00 16.00 36.0 455 defd 
rammelsberg_dyn_recryst_
c 1.0843 (1.0816,1.1080) -0.89 8.1E-03 1.1E-04 1.00 8.50 28.0 416 defd 
gf_0803_1_bv_1a 1.0579 (1.0816,1.1080) -0.95 3.1E-03 1.3E-04 1.00 10.00 73.5 1217 defd 
  
                  
  
gf_0803_1_bv_1b 1.1195 - -0.97 2.9E-03 9.5E-04 1.00 31.75 115.5 942 wk defd 
sullivan_a 1.0592 - -0.94 1.9E-03 1.1E-03 1.00 31.75 120.0 1580 wk defd 
sullivan_b 1.0508 - -0.96 5.6E-04 1.2E-03 1.00 31.75 165.0 1933 wk defd 
sullivan_c 1.0208 - -0.95 1.6E-03 1.0E-04 1.00 31.75 226.5 2076 wk defd 
sullivan_d 1.0554 - -0.92 2.2E-03 1.3E-03 1.00 31.75 111.5 1363 wk defd 
century_1 1.0331 - -0.93 1.7E-04 3.6E-04 1.00 100.00 559.0 4580 wk defd 
 
